
UNTOD STATES ENVIRONMENTAL PROTECTION AGENCY C

REG.ON5
77 WEST JACKSON BOULEVARD

CHICAGO, IL 60604-3590

NOV 2 5
Waste Management
of Wisconsin, Inc.
c/o Me. Lisa S.> Seglin

Environmental Counsel
3003 Butterfleld Road
Oak: Brook, IL 60521

RE: Hagen Fan SuiMitrfund Site,
Groujiiidwiitsr Control Operable Unit
Unilateral AdiiiBiiEitrative Order
Remedial DeeigB/lRenedial Action

; Dear Ms. Seglin:;
V.../

Enclosed please find a Unilateral Administrative Order issued by
the U.S. Environnaiiital Protection Agency under Section 106 of the
Conpreltiierisive Environmental Response, Compensation and Liability
Act of 1980, as aimended by the Super fund AiniendnDients and
Jteauthorization Act of litEKii (CERCLA), 42 U.S.C. iil 9601, at s.ej;|[.

Please note that the qirter allows an opportunity for a conference
if requestedl within tepfi (ICl) calendar days after issuance of the
Order; and specifies a date and location for the conferenceIP if
requested.

If you have any questions regarding the Order,, feel free to
contact Jeff Cahnir Office of Regional Counsiiel,, at (312) 886-6670.,

Sincerely yo>urs(,
V.../

William E. Ifuno., A.ctin;i) Director
Waste Management Division

Enclosure

cc: Pa:ul Kozol
Wisconsin Departnuent of Natural Resources
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bcc: Jinn Itayka
Mary Pat Tyson
Jeffrey A., Calm, ORC
Stmvwni PadcnraBi
Sum Pastor, Pulbl :l.c Affairs
Ernie Watki ns (, Office of Wai-ite Programs Enforcement

V.../
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CERTIFICATE OF SERVICE

I, Jeffrey A. Cahn, hereby certify that I caused copies of
the accompanying "Unilateral Administrative Order111 entered in
Docket NoI V-W-92-C-172 to be served via United states Mail,
First Class and certified - return ]c;ecdiDl:;>..xeqiaested, postage
.prepaid, on this _3£_ day of __/|/̂ jljfĴ __, 1992f upon the
following:

Ms. Lisa Seglin
Environmental Counsel
Waste Management of Wisconsin, Inc,.
3003 Butterfield Road
Oak Brook:, Illinois
60521

v.../

Cahn
Asfalsttant/Regional Counsel
Office o)!* the Regional Counsel
United States Environmental
Protection Agency, Region V

77 West Jackson Blvd.
Chicago,, 111 inois 6 06 04



TOUTED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION V

IN MATTER OF: )
) ADMIN I STRATIVE ORDER

EAGEN FARM SUPERFUND SITE ) PURSUANT TO SECTION 1O6
DANE COUNTY, WISCONSIN ) OF THE COMPREHENSIVE

) ENVIRONMENTAL RESPONSE,
) COMPENSATION, AND
) LIABILITY ACT OF 1980,,

RESPONDENT! ) AS AMENDED

WASTE MANAGEMENT OF WISCONSIN, j l/jUkl. <I!N;I> A -« 7 ,,
INCORPORATED. ) Jt Jl1 "3 "'' V" 1 i L,

ADMINI STRATIVE ORDER
FOR REMEDIAL DESIGN AND REMEDIAL ACTION

I . INTRODUCTION AND JURISDICTION

1. This Order directs Respondent to perform a remedial design

for the remedy described in the Record of Decision for the Hagen

Farm site, operable unit No. 2, dated September 30, 1992, and to

implement the design by performing a remedial action, The Record

of Decision for operable unit No. 2, dated September 30, 1992, is

the final Record of Decision for the Hagen Farm site. This Order

is issued to Respondent by the United States Environmental

Protection Agency ("EPA11) under the authority vested in the

President of the United States by Section 1.06 (a) of the

Comprehensive Environmental Response, Compensation, and Liability

Act of 1980, as amended ("CERCLA"), 42 U.S.C. § 9606 (a). This

authority was delegated to the Administrator of EPA on January

23, 1987, by Executive Order 1.2580 (52 Fed. Reg. 292(5), and was

further delegated to the Regional Administrator on September 13,

1987 by EPA Delegation No, 14-14 and 14-14A, and to the Director,

Waste Management Division, Region V, by delegation 14-14B.
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II. PARTIES BOUND

2. This Order shall apply to and be binding upon the Respondent

identified in paragraph 9 and its successors and assigns., The

Respondent is jointly and severally responsible for carrying out

all activities required by this Order, No change in the

ownership, corporate status, or other control of the Respondent

shall alter any of the Respondent's responsibilities under this

Order.,

3. The Respondent, shall provide a copy of this Order to any

prospective owners or successors before a controlling interest in

Respondent's assets, property rights, or stock are transferred to

the prospective owner or successor. Respondent shall provide a

copy of this Order to each contractor, sub-contractor,

laboratory, or consultant retained to perform any Work under this

Order, within five days after the Effective Date of this Order or
on the date such services are retained, whichever is later.,

Respondent shall also provide a copy of this Order to any person

acting on behalf of Respondent with respect to the Site or the

Work and shall ensure that all contracts and subcontracts entered

into hereunder require performance under the contract, to be in

conformity with the terms and Work required by this Order. With

regard to the activities undertaken pursuant to this Order, each

contractor and subcontractor shall be deemed to be related by

contract to the Respondent within the meaning of Section
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107(b)(3) of CERCLA, 42 u.S.C. § 9607(b)(3). Notwithstanding the
terms of any contract, the Respondent is responsible for
compliance with this Order and for ensuring that its contractors,
subcontractors, and agents perform all Work in accordance with
this Order,.

4. Not later than thirty (30) days prior to any transfer of any
interest in any real, property included within the Site,
Respondent shall submit a true and correct copy of the transfer
documents to EPA, and shall identify the transferee by name,
principal business address and effective date of the transfer.

III. DEFINITIONS

5. Unless otherwise expressly provided herein, terms used in
this Order which are defined in CERCLA or in regulations

v..> promulgated under CERCLA shall have the meaning assigned to then
in the statute or its implementing regulations, Whenever terns
listed below are used in this Order or in the documents attached
to this Order or incorporated by reference into this Order, the
f o11owing def initions sha11 app1y:

a, MCERCLA" shall mean the Comprehensive Environmental
Response, Compensation, and Liability Act. of 1980, as amended, 42
U.S.C. SS 9601 ejfc ,seg.,
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b. '"Day1" shall mean a calendar day unless expressly stated

1:.o be a working day. In computing any period of time under this

Order, where the last day would fall on a Saturday, Sunday, or

Federal holiday, the period shall run until the end of the next

working day,,

c. ""EPAn shall mean the United States Enviroranental

Protect ion Agency„

d. ""WDNR"' shall, mean the Wisconsin Department of Natural

Resources.

e. '"National Contingency Plan" en: "'NCP"1 shall mean the

National Contingency Plan promulgated pursuant to Section IDS of

CERCIA, 42 U.S.C. !>i 9605, codified at 40 C.P.R. Part 300, and any

a.mendlments thereto.

f. "Paragraph" shall mean a portion of this Order

identified by an Arabic numeral,

g, '"Performance Standards1" shall mean those cleanup

standards, standards of control, and other substantive

requirements,- criteria or limit at ions, identified in the Record

of Decision and Statement of Work, that the Remedial Action and

Work required by this Order must attain and maintain.,
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h.. "'Record of Decision11' or "ROD"1 shall mean tile EPA

of Decision relating to the Site, Operable Unit Mo, 2, signed on

September 30, 1992,, by the Regional Administrator, EPA Region V,

and all. attachments thereto, which is attached hereto and made a

part hereof as Attachment 1.,

i. "'Statement of Work1" or "'SOW'" shall mean the stateiuiiint

of work for implementation of the Remedial Design, Remedial
i-'' Action,, and Operation and Maintenance! at the Site, as set forth

in Attachiient 2 to this Order,. The statement of Work: is

incorporated into this Order and is an enforceable part of this

Order,.

;).. '"Section111 shall mean a portion of this Order identified

by a Roman numeral and includes one or more paragraphs,

k. '"Section 106 Administrative Record"1 shall mean the

Administrative Record which includes a11 documents considered or

relied upon by EPA in preparation of this Order. The Section 106

Administrative Record Index is a listing of all documents

included in the Section 106 Administrative Record, and is

attached hereto as Appendix 1.

1.. '"Site" shall mean the Hagen Farm Superfund Site,,

encompassing approximately 28 acres, located at 2316 County

Highway A, approximately one mile east of the City of Stoughton
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in Dane County,, Wisconsin, as described in the Record of

Decision, and includes, but is not limited to, all property which

has been contaminated as a result of a release from the Facility.,

in, ""State"' shall mean the State of Wisconsin.

n, "'United states11' shall mean the United States of

America,,

o. "'Work'" shall mean all activities Respondent is required

to perform under this Order to implement the. ROD for Operable

Unit No., 2, including Remedial Design, Remedial Action and

Operation and Maintenance for Operable Unit No.. 2 and any other

related activities required to be undertaken pursuant to this

Order.

IV. DETERMINATIONS

6. The Hagen Farm Site is located at 2311:) County Highway A,

Dane County„ Wisconsin. The Hagen Farm Site consista of a total

of approximately 28 acres in an area of rural surrounding that is

dominated largely by sand and gravel mining and agriculture.

Soil and gravel mining operations are located northwest,

northeast and south of the landfill site. The Stoughton Airfield

is located adjacent to the northwest corner of the landfill site,.

County Highway '"A"" passes just south of the landfill site., The
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landfill site was operated as a sand and gravel pit prior to the

late 1930s,. The gravel pit then was used for disposal, of waste

material from the late 195Os to the mid--1.9 60s. The landfill

operator accepted municipal wastes, waste solvents, and! other

various organic materials including acetone„ butyl, acetate,, 1-2-

dlchloroethylene,, tetrahydrofuran, solid vinyl, sludge material

containing methylethyl ketone and xylenes, and toluene., In a

103(c) notification submitted to the U.S. EPA by Uniroyal, Inc.,,

' in June Hi)81,, Uniroyal indicated that F003 and POOS wastes,, which

are hazardous wastes within the 'meaning of the Resource

Conservation and Recovery Act ("RCRA") , 42 U.S.C. 6901,, also were

disposed of at. the landfill.

7. During the period that the landfill was operated as a

disposal facility,, the property was owned by Nora sundby, who is

now deceased.. The landfill, was operated by City Disposal

Corporation ("City Disposal"1) , a predecessor corporation of

Respondent,, Waste Management of Wisconsin,, Inc., ("WMWI") . City

Disposal also was the transporter of much of the waste that was

disposed, of at the landfill. On November 30, 1977, the landfill

site property was conveyed by the estate of Ms. Sundby to Orrin

N. and Ida Mae Hagen.

8.. Beginning in Noveiniber 1980,, in response to complaints

received from local residents, the W.MR began conducting

groundwater sampling at nearby private water supply wells.,
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Sampling of the. on-Site monitoring wells during the period 1980-

1986 indicated certain organic compounds were present in the
gr oundlwater ir including benzene, ethylbenzene, tetrahydrofuran,
xylenes,, and toluene.. In addition, nearby private water supplies
on adjacent properties have also shown detectable levels of
volatile organic compounds (VOCs) ,. The private wells located on
the Site had been impacted toy acetone, tetrahydrofuran, vinyl
chloride„ xylene„ trains :i.,2-dichloxoethene, and

( ) trichloroethylene.

9. On February 2>\:f :i.9S7, Orrin Hagen conveyed ownership of the
landfill site property to Respondent, Respondent, Waste

Management of Wisconsin, Inc. „ is now,, and has been since on or

about February 27, 1987, the owner of the landfill, site property.

10. On February 23,, 1987, U.S. EPA, pursuant to Si-sction 122 of

M...,</[ CERCLAjp 42 U.S..C. § 9622, notified Waste Management of 'Wisconsin,
Inc.„ that it had determined that it was a potentially
responsible party for the release or threatened release of

haisardlous substances at the lagen Farm Site. HMMI was offered
the opportunity to conduct a Remedial Investigation and
Feasibility study ("Ri/FS").

11... On July 22, 1987, (32 Fed. Reg. 27620), pursuant to section
105 of CERCLA, 42 U.S..C. § 9(510!!!, EPA placed the Hagen Fanm Site
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on the National Priorities List ("NPL"), set forth at 40 C.F.R.

Part 300, Appendix I:),,

12. Subsequently, WMHI and Uniroyal, Inc., entered into an

Administrative Order by Consent (U.S. EPA Docket No,. VW 87-C-016,

dated September 14, 1987) (the "Consent Order1") with the U.S.. EPA

and the WDNR. In the Consent Order, WMHI and Uniroyal agreed to

conduct the RI/FS at the Site,. Accordingly, in July of 1988,,
>v--''/ upon U.S. EPA approval, in consultation with the WDNR,, of the

required Work Flan::!, fieldwork at the Site commenced.

13. Two operable units,, which are being conducted concurrently,,

have been, defined for the Site,. Operable Unit No. 1, which is

the Source Control Operable Unit ("SCOU"'), addresses waste refuse

and sub-surface soils ("Waste/sub-Soils") at disposal area A and

two smaller disposal areas, areas B and C, which are all located

within the landfill site property. Operable Unit No. 2, which is

the Groundwater Control Operable Unit ("GCOU"), addresses the

contaminated groundwater at the Site. The Operable Unit approach

was agreed upon after discussions among U.S. EPA, WDNR, and the

PRPs during the early phase of the Implement: at ion of the Work

Plan for the RI, This Order addresses Operable Unit No, 2,.

14.. The Technical ]lfeino>randum for the SCOU was completed in early

1989, The RI for the GCOU was initiated in July 1989 and the

final RI for GCOU was submitted to U.S. EPA in November 1991.
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15,. In June of 1990, U.S. EPA. provided the FS and the PropoiiiKiiidl

Plan for the SCOU remedial action to the public. An opportunity

for public comments was provided., Comments were to be submitted

in writing to the U.S. EPA by August 10,, 1990, or orally at. the
public meet ing held in stoughton, Wisconsin on August 2, 1990,,
The Respondent was allowed to submit coinments on the Proposê !!

Plan for the SCOU during this public comment period.

^••-'' 16. Considering the Proposed Plan for SCOU remedial action and

the public comments received, U.S., EPA, with concurrence by the

State, selected a source control remedy for remediation of on-

site waste and sub-surface soils the Facility. U.S. EPA's

decision for Operable Unit No. 1 is summarized in the Record of

Decision signed by the U.S., EPA Administrator, Region V,, on

September 17, 1990., An Explanation of Significant Differences

("ESD"1) relating to the selected remedy for Operable Unit No,, 1

VJ!_.,y was issued by U.S. EPA in April of 1991. The SCOU ROD and the

SCOU ESD are attached, as Appendix 2.,

17. On October 31, 1990, U.S. EPA issued Special Notice,

pursuant to Section 122(e)(l) of CERCLA, to WMWI and Uniroyal,,

Inc., The purpose of issuance of Special. Notice was to initiate a

period for negotiating an agreement with U.S., EPA for the cleanup

of the Hagen Farm Site, At the outset of the initial negotiation

session, IHII (and Uniroyal, Inc..) unequivocally refused to enter

into a civil Consent Decree to settle issues relating to the
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Hagen Fant Site,, but stated that they would perform cleanup

activities pursuant to the terms of a unilateral Administrative

Order. Accordingly, on March 7,, 1991,, U.S. EPA issued a

unilateral Administrative Order, pursuant to Section 106 of

CERCLA, ordering WMHI and Uniroyal,, Inc., to undertake SCOU

cleanup activities at the Hagen Farm Site.

IB,. Pursuant to the terms of the ROD and BSD for Operable Unit

No. lf and the March 7, 1991, Administrative Order, sub-areas B

and C were consolidated into the disposal area A and the

construction of the Landfill Cover over: the main disposal, area A,

which is one of the components of the selected remedy for

Operable Unit No. 1, was completed in Hay 1992. The

implementation of In-Situ Vapor Extraction, which is also part of

the selected remedy for Operable Unit No., l, was initiated in May

1992 .

19. The MI for the GCOU was initiated by WMWT in July 1.989 and

the final RI report was submitted in November 1991... An

Alternatives Array was prepared in July 1.991, which provided, a

preliminary description of the technical, methods under

consideration for cleaning up the groundwater. Based on the

evaluation and screening of technical method!-; available for

addressing the groundwater contamination in the Alternatives

Array,i a draft Feasibility Study ("PS") report was submitted in

October 1991. The draft FS was revised in order to include off-
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property contaminated, groundwater in January 1992, and f inaliziad

in April 1992,. The PS Report for Operable Unit No.. 2 outlined

the final alternatives under cons idle rat ion for correct ing

contamination problems found in the groundwat,er, and provided a

thorough evaluation of each alternative.

20. Pursuant to section 117 of CERCLA, 42 u.S.C. S 9617,, EPA

published notice of the completion of the FS and of the piropos«Elt

plan for remedial action in May of 1992, and provided opportunity

for public comment on the proposed remedial action. Similarly,

Respondent was given an opportunity to comment on the proposed

plan for remedial action and to supplement the Administrative

Record regarding a decision for selection of the final plan for

remedial act ion.

21. The decision by EPA on the remedial action to be implemented

at the Magen Farm Site,, Operable Unit No. 2, is embodied in a

Record of Decision ('"ROD"'),, executed on September 30, 1992„ on

which the State has given its concurrence,, Operable Unit No. 2

(the Groundwater Control Operable Unit) ,, addresses the

contaminated on- and off-property groundwater at the Site,. The

ROD defines "on-property groundwater111 as contaminated groundwater

on and in the immediate vicinity of the main waste disposal area

and "off-property groundwater" as contaminated groundwater at any

location within the piume other than in the area defined as on-

property groundMater,. The ROD is an enforceable part of this
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Order and is attached hereto as Attachment 1. The ROD is

supported by an Administrative Record which contains the

documents and information upon which EPA based the selection of
the response action. The U.S.. EPA's selected response action set

out in the :ROD has been determined to provide adequate protection
of public health, welfare and the environment; meet all Federal

and State environmental laws; and be cost effective. The

operable Unit No, 2 ROD, together with the Operable Unit No,, i
ROD, constitutes the final remedy for the Hagen Farm Site.

22. Groundwater contamination at the Hagen Farm Site poses a

current and potential future threat to public health, and the
environment by chemicals in the groundwater originating at,, or

migrating from the Paci1ity. Groundwater contamination is the
result of on-Site waste disposal,. Wastes disposed of at the

Facility included waste solvents and other various organic

materials including acetone, butyl acetate, 1-2 -dichloroethylene,
tetrahydroif uran , so lid viny 1, sludge material containing methyl

ethyl ketone and xylenes, and toluene. Contamination from the
wastes disposed of at the Facility subsequently migrated into the

groundwater,

23. Sampling of the on-Site monitoring wells during the period
1980-1986 indicated certain organic compounds are present in the

groundwater, including benzene, ethy 1 bens:ene,, tetrahydrofuran
('"THF"1),, xylenes, and toluene. In addition,, nearby private water
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supplies on adjacent properties also contained detectable l<inv''iii,l.!!i;

of volatile organic compounds ("VOCs"). The private wells

located on adjacent properties had been impacted by acetone, 1ISF,

vinyl chloride, xylene,, trans-1„2-dichloroethene, and

trichloroethylene. The private wells located at the Site were

abandoned, in accordance with MR 112! and are no longer in use.

Presently,, no one is drinking contaminated groundwater assoc iiNitiiid

with the Site.

24., In November 1991, an RI Report for the GCOU was completed

under the guidance and oversight, of U,S., EPA and WDNR. The RI

supplied information supporting the conclusion that there is a

release of hazardous substances at the Site and provided a

determination of the hazardous:; substances" nature and extent,,

The RI indicated that the contaminants causing the most concern

are VOCs,. In general,, there are high VOC concentrations in

groundwater in and near the Facility,. Relatively lower

concentrations of VOCs (primarily THF) were detected downgradlent

of the Site. A THF plume originates from the south section of

the Facility and extends downgradient (south) approximately 3600

feet., Elevated levels of VOCs detected in wells near the

Facility include THF (630,000 ppb), ethylbenzene (4,400 ppb),

toluene (2/700 ppb),, and xylsnes (37,,ODD ppb)., These levels

exceed MCLs and/or State Preventat ive Action Limits ("PALs")

orders of magnitude,.
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25. Gxoundwater contanination at the site is primarily due to

leaching of contaminants from the waste mass and the vadose ;i:one

under the waste mass to the groundwater via infiltration of

precipitation, The first phase of the cleanup plan at the Bagen

Farm Site,, referred to as the Source Control Operable Unit,

involved capping the landfill and operating an in-situ vapor
extraction ("ISVE") unit. The landfill cajp is expected to be

effective in preventing the leaching of contaminants into the

groundwater by preventing the infiltration of precipitation and

the ISVE system is a system designed to remove contaminants in

the waste mass and vadose zone. VOCs have yet to be detected in

private wells determined to be potential receptors., However, at:

least two private wells appear to be within 500 feet downgradient

of the leading edge of the plume.. In general, three private

wells are located approximately' 1.000 feet west, of the Site and

eight, private wells are located within 4000 feet downgradient

from the Site.

216., Populations at risk include current, and future residents

using private wells which have been impacted by contaminated

groundwater from the Hagen Farm Site, Routes of exposure include

ingest ion of groundwater and inhalation of volatiles from

showering with groundwater., A risk: assessment conducted during

the RI for Operable Unit No. 2 indicated that the highest risk is

from the future ingestion of on-property groundwater, assuming

that residential housing would be developed around the Facility,
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Under this scenario a carcinogenic risk of 2 x 1.0"'5 and a, hazard

indsiK ratio of 6,000 were calculated,. U.S., EPA considers these

risks unacceptable, Drinking groundwat:er from wells on the

property next to the Facility could result in a. significant

increase in an individual's risk of developing cancer and/or

could result in non-cancerous health effects, such as organ

impairment due to the toxicity of the contaminants.

•̂"/ 27. As provided in CERCLA and the NCP, and based upon the

evaluation of the RI/FS and the nine criteria, U,,S. EPA, in

consultation with the WDNR,, selected groundwater extraction and

treatment,, with discharge of the treated groundwat er to either an

adjacent wetland or the Yahara River as the groundwater control

remedial action at the Hagen Fan Site. The main elements of the

groundwater control remedial action as selected in the ROD are as

follows: (1) Monitoring of all private wells located around the

isji / Site; (2) pre-treatment of extracted on- and off-property

groundwater; (3) extraction and treatment of groundwater; (4)

treatment of on-property groundwater using Activated Sludge

Bio logical Treatment; (5) treatment of of f-property groundwat ex-

using a treatment technology to be determined during the design

phase; (6) discharge of treated groundwater to adjacent, wetlands

or the Yahara River; (7) treatment and disposal of sludges

generated front the groundwater treatment and treatment of of f-gas

eiinitted from the treatment process; (8) deed and access

restrictions to prevent installation of drinking water wells
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within the vicinity of the disposal areas and off-property; and

(9) :l.][nple:iiientation of a bench scale study to determine the effect

of nutrients and/or oxygen on contaminated groundwater. If the

bench scale study shows positive results, a pilot study shall be

condlucted with the ultimate goal of enhancing the selected rsiiedy

with an in-situ groundwater bioremediation.

28.. The selected remedy will provide adequate protection of

human health and the environment. Risks posed by groundwater

contajmination will he reduced and controlled by the operation of

a groundwater extraction and treatment, system., Access

restrictions wi11 prevent direct contact with contaminated

groundwater unt .11 groundwater clean up standards are met. No

unacceptable short-term risks will be caused by implementation of

the remedy. Standard safety programs, such as fencing,, use of

protective: equipment , monitoring „ and off--gas treatment, should

mitigate any short-term risks.

29. The Hagen Farm Site is a "facility•" as defined in section
101(9} Of CERCLA, 42 U.S.C. j)> 9601(9).,

30. Respondent is a '"person11" as defined in section 101(2:1.) of

CERCLA, 4 2 U, S., C. S 9 6 01 (21) .



31. Respondent is a liable party as defined in section 107(a) of

CERCLA,, 42 U.S.C. S 9607(a), and is subject to this Order under

section 106 (a) of CERCLA, 42 U.S.C. § 9606 (a) .

32.. "Hazardous substances111 as defined in section 101 (14) of

CERCLA, 42 U.S.C. § 9601(14) are jpresent at the Site.

33.. These hazardous substance!:! are being ""released" from the

Facility as that term is defined in section 101(22) of CERCLA, 42

U.S.C. § 9601(22) .

34. The past disposal and migration of hazardous substances from

the Facility constitutes a ""release"11. The potential for future

migration of hazardous substances from the Site poses a threat of

a '"release1" as defined in section 101(22) of CERCLA, 42 U.,S.C,,

S 9601(22).

35. The release of one or more hazardous substances from the

Facility is or may be presenting an imminent and substantial

endangernent to the public health or welfare or the environment.,

V. NOTICE TO THE STATE

36. Prior to issuing this Order, EPA notified the State of

Wisconsin's Department of Natural Resources, that EPA intended to

issue this Order.. EPA will consult with the State and the State
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will have the opportunity to review and coiment to EPA regarding
all work to be performed,, deliverable!-!,, and any other issue®

which arise while the Order remains in effect.

VI. ORDER

37.. Based on the foregoing. Respondent is hereby ordered to

comply with all of the provisions of this Order, including but

v.L''' not limited to all Attachments to this Order, all documents

incorporated by reference into this Order, and all schedules and

deadlines contained in this Order, attached to this Order, or

incorporated by reference into this Order.

VII. WORK TO BE PERFORMED

38.. Within five (5) days after the effective date of this Order,

\J; ; Respondent shall record Notice of and/or a copy of this Order in

the appropriate governmental office where land ownership and

transfer records are filed or recorded, and shall ensure that the

recording of said notice and/or Order is indexed to the title of

each and every parcel of property owned by said Respondent at the

Site, so as to provide notice to third parties of the issuance

and terns of this Order with respect to those properties,.

Respondent shall, within 15 days after the effective date of this

Order, send notice of such recording and indexing to EPA..
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39, All material!-; removed from the Site shall be disposed of or

treated at a facility approved in advance of removal by EPA's RPM

and in accordance with Section 121(d)(3) of CERCIA, 42 U.S.C,

ISi 9621 (d) (3); with the U.S. EPA "Revised Off-Site Policy/11 OSWER

Directive 9834, ll, November 13, 1987; and with all other

applicable Federal.,, State, and local requirements. Prior to any

off-site shipment of hazardous substances from the Site to an

out-of-state waste management facility, Respondent shall provide

written notification to the appropriate state environmental,

official in the receiving state and to EPA's Remedial Project.

Manager ("RPM") of such shipment of hazardous substances.

However,, the notification of shipments to the state shall not

apply to any off-Site shipments when the total, volume of all

shipments from the Site to the state will not exceed ten (10)

cubic yards.

a. .The notification shall be in writing!, and shall include

the following information,, where available: (1) the name and

location of the facility to which the hazardous substances are to

be shipped; (2) the type and quantity of the hazardous substances

to be shipped; (3) the expected schedule for the shipment of the

hazardous substances; and (4) the method of transport.ati.on,.

Respondent shall notify the receiving state of major changes in

the shipment plan,, such as a decision to ship the hazardous

substances to another facility within the same state, or to a

facility in another state,.
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b, All hazardous substances removed from the Facility or

vicinity shall be disposed of or treated at a Facility approved

by EPA"s RPM, and in compliance with t:he Resource Conservation

and Recovery Act of 1976,, 42 U.S.C. Section 9601, el; asfl., as
amended; the EPA Revised Off-Site Policy; and all other

applicable Federal, State, and local requirements. The identity

of the receiving facility and state will be determined by

Respondent following the award of the contract for Remedial
s>>--/ Action construction, Respondent shall provide a 11 relevant

information , including inf'ormat ion under the ca tegor ies noted in

paragraph 44(a) above, on the off-Site shipments as soon as

practicable after the award of the contract and before the

ha®ardous substances are actua11y shipped,

40. Respondent, shall cooperate with EPA in providing information

regarding the work to the public.. When requested by EPA,
/'"

i| j Respondent shall participate in the preparation of such

information for distribution to the public and in public meetings

which may be held or sponsored by EPA to explain activities at or

relating to the Site.

41. All Vitorkplans and deli.verables thereunder, as described

througihout this Order,, shall be submitted to WDNR and U.S.. EPA.

All Workplans and dellverables will be reviewed and either

approved, approved with modifications, or disapproved by EPA, in

consultation with WDNR, In the event of approval or approval
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with iiocllifications by EPA, Respondent shall proceed to take any

action required by the plan, report,, or other item, as approved
or modified by EPA.,. If the Workplan or other deliverable iiii

4:,.

approved with nodi float ions or disapproved, EPA will provid*, in

writing,, contents or nod if ications required for approval.

Respondent shall amend the Workplan or other deliverable to

incorporate only those comments or nod if ications required by U.S.
EPA, Within thirty (::)0) days after the date of EPA's written

notification of approval with modifications or disapproval,,
Respondent shall submit an Amended Workplan or other deliverable.,

EPA shall review the Amended Workplan or deliverable and either
approve or disapprove it. Failure to submit a Workplan,, Amended
Workplan or other deliverable sha 11 const itute nonconp 1 lance with

this Order.. Submission of an Amended Workplan or other
deliverable which fails to incorporate all of EFA/s required

modif icat ions,, or which incl tides other unrequested raodif icisitions „

yl j shall also constitute noncompliance with this Order. Approval, lay

EPA of the (Amended) Workplan or other deliverable shall cause

said approved (Amended) Workplan or other deliverable to be
incorporated herein as an enforceable part of this Order. If any

(Axnended) Workplan or other deliverable is not approved by EPA,,

Respondent shall be deemed to be in violation of this Order.

A« BiiilillJiLEJ!jLiLli...Ji!!E[Lili.ii>!iQ

42, Within sixty (60) days after the effective date of this
Order, Bespondent shall submit a workplan for the raiiiedial deaii;ptii
at the Site ("'Remedial Design Workplan1" or '"RD Workplan1") to EPA
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for review and approval,. The ED Workplan shall include a

detailed step- by-step plan fox: completing the remedial design for

the remedy selected in the ROD, and for attaining and maintaining

all requirements and performance standards identified in the ROD

and Statement of Work.. The ED Workplan must, describe in detail

the tasks and deliverables Respondent will complete during the

remedial design phase, and a schedule for completing the tasks

and deliverables in the ]RD Workplan, The ED Workplan shall be

'"•--'' consistent with, and shall provide for implementing the Statement

of Work,, and shall comport with EPA's l11 Super fund Remedial Design

and Remedial Action Guidance, OSWER Directive 9355. 0-4A. "

43. Upon approval of the (Amended} ED Workplan by U.S. EPA,

Respondent shall implement the (Amended) RD Workplan and submit

all design deliverables according to the schedule in the approved

(Amended) ED Workplan., Any noncompl lance with the approved

L̂..y (Amended) RD Workplan shall be a violation of this Order.

44.. Upon EPA approval, the final design is incorporated into

this Order as an enforceable part of this Order.

B.
45. As part of the final design,, Respondent shall submit a

Remedial Action Workplan ("RA Workplan"1) for review and approval.

The RA Workplan shall, be developed in accordance with the ROD,

and the attached Statement of Work, and shall be consistent with

the final design as approved by EPA..
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46., Upon approval of the (Amended) RA Workplan by EPA,,

Respondent shall implement the (Amended) RA Workplan according to

the schedules in the (Amended) RA Workplan., Unless otherwise

directed by EPA, Respondent shall not commence remedial, action at

the Site prior to approval of the (Amended) RA Workplan. Any

noncompliance with the approved (Amended) RA Workplan shall be a

violation of this Order,,

^-'•' 47., Notwithstanding any action by EPA or the state, Respondent

shall remain fully responsible for achievement of the performance

standards in the Record of Decision and Statement of Work.

Nothing in this Order,, or in EPA's approval of any (amended) work:

plan or other deliverable, shall be deemed to constitute a

warranty or representation of any kind by EPA that full

performance of the Remedial Design or Remedial Action will

achieve the performance standards set forth in the ROD and in the

\Jl y Statement of Work,. Respondent's compliance with such approved

documents does not foreclose EPA from seeking additional work: to

achieve the appl icable performance standards..

VIII. ADDITIONAL RESPONSE ACTIONS

48., In the event that EPA, in its sole discretion, determines

that additional work: or modification!-! to work are necessary to

meet applicable performance standards, or that modifications to

work are necessary to maintain consistency with the final remedy,,
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EPA will notify Respondent that additional response actions are

necessary. EPA nay also require Respondent to modify any plan,

design„ or other deliverable required by this Order, including

any approved modifications.

49.. Within sixty (60) days after receipt of notice from EPA that

additional response activities are necessary, Respondent shal 1

submit for approval an Additional. RD/RA Workplan pursuant to
v---'' paragraph 34 herein,. The Additional RD/RA Workplan shall conform

to this Order's applicable requirements for RD and RA Workplans.

Upon EFA's approval of the (Amended) Additional RD/RA Workplan,,

the (Amended) Addlitional RD/RA Workplan shall, become an

enforceable part of this Order, and Respondent shall imp lenient

the (Amended) Additional RD/RA Workplan for additi.onal response

activities in accordance with the standards,, specifications, and

schedule contained therein, Failure to submit an Additional

U..y Workplan shall constitute noncompliance with this Order,.

50. Within thirty (30) days after Respondent, concludes that the

Remedial Action has been fully performed, Respondent shall so

notify EPA and shall schedule and conduct a pre-certification

inspection to be attended by Respondent and EPA., The pre™

certification inspection shall be followed by a written report

submitted within thirty (30) days after the inspection by a

registered professional engineer and Respondent's Project

Coordinator certifying that the Remedial Action has been
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cofflipleted in full satisfaction of the requirements of this Order.

If, after completion of the pre-certification inspection and

receipt and review of the written report IP EPA determines that the

Remedial Action or any portion thereof has not been completed in

accordance with this; Order, EPA shall notify Respondent in

writing of the activities that must be undertaken to complete the

Remedial Action and shall set forth in the notice a schedule for

performance of such activities., Respondent, shall perform all

^-y activities described in the notice in accordance with the

specifications and schedules established therein. If EPA

concludes, following the initial or any subsequent certification

of completion by Respondent that the Remedial Action has been

fully performed in accordance with this Order, EPA nay notify

Respondent that the Remedial Action has been fully performed.,

EPA's notification shall be based on present knowledge and

Respondent"s certification to EPA,, and shall not limit EPA's

\j J right to perform periodic: review!-; pursuant to section :i.21(c) of

CEKCLA,, 42 U.S..C. § 962fl(c), or to take or require any action

that in the judgment of EPA is appropriate at the Site, in

accordance with 42 U.S.C. §§ 9604,, 9606,, or 9607.

IX. EPA PERIODIC REVIEW

51., tinder section 121 (c) of CERCLA, 42 U.S.C. § 9621 (c), and any

applicable regulations, EPA nay review the Site to assure that

the work performed pursuant to this Order adequately protects
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human health and tiliNii environment. Until such tine as EPA

certifies completion of the work, Respondent shall conduct the

requisite studies, investigations,, or other response actions as

determined necessary by EPA in order to permit EPA to conduct the

review under section 121(c) of CERCLA. As a result of any review

performed under this paragraph, Respondent nay be required to

perform additional Work or to modify work previously performed..

X, BMDANGEKMBNT AND EMERGENCY RESPONSE

52. In the. event of any event during the performance of the work

which causes or threatens to cause a release of a hazardous

substance or which may present an immediate threat to public
health or welfare or the environment, Respondent shall

immediately take all appropriate action to prevent, abate, or

minimize the threat, and shall immediately notify EPA "is RPM or

alternate RPM, If neither of these persons is available

Respondent shall notify the EPA Emergency Response Section,

Region V. Respondent shall take further action in consultation

with. EPA's RP1 ttiiiid in accordance with all applicable provisions

of this Order,, including but. not. limited to the Health and Safety

Plan and the Contingency Plan. In the event that Respondent

fails to take a||iSi!>!ro|;):i:-iati-! response action as required by this

paragraph, and SPA takes that action instead, Respondent shall
reimburse EPA for all costs of the response action not

inconsistent with the MCP. Respondent shall pay the response
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costs in the manner described in Section XX of this Order,, within

thirty (30) days after EPA's demand for payment.

53. Nothing in the preceding paragraph shall be deeiiedl to limit

any authority of the United States to take, direct, ox order all

appropriate action to protect human health and the environment or

to prevent,, abate, or minimise an actual or threatened release of

hazardouB substances on, at, or from the site,
O

X:i:,. PROGRESS REPORTS

54. In addition to the other deliverables set forth in this

Order, Respondent shall provide monthly progress reports to EPA

with respect to actions and activities undertaken pursuant to

this Order. The progress reports shall be submitted on or before

the tenth day of each, month following the effective date of this

\L> Order.. Respondent's obligation to submit progress reports

continues until EPA gives Respondent written notice under

paragraph 92 of this Order. At a minimum these progress reports

shall: (1) describe the actions which have been taken to comply

with this Order during the prior month; (2) include all. results

of sampling and tests and all other data received by Respondent

and not previously submitted to EPA; (3) describe all work

planned for the next 9 D-d ays with, schedules relating such work to

the overall project schedule for RD/RA completion; and (4)

describe all problems encountered and any anticipated, problems,,
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any actual or anticipated delays,, and solutions developed and

iniplenieBted to address any actual or anticipated problems or

delays.

XII. QUALITY ASSURANCE, SAMPLING AND DATA ANALYSIS

55. Respondent shall use the quality assurance, quality control,

and chain of custody procedures described in the "'EPA. NEICii t i
"<L-/ Policies and Procedures Manual,,"1 May 1978,, revised May 1986, EPA-

330/9-78-001-R; EPA's "Guidelines and Specifications for

Preparing Quality Assurance Program Documentation," June l, 1.987;

EPA's '"Data Quality Objective Guidance,,1" (EPA/540/687/00:3 and

004),, and any amendments to these documents,, while conducting all

sample collection and analysis activities required herein by any

plan,. To provide quality assurance and maintain quality control,,

Besponden t sha11:

a,, Prior to the commencement of any sampling and analysis

under this Order, Respondent shall sub™it a Quality Assurance

Project Plan ("QAPP") to the U.S. EPA that is consistent with the

SOW,, the Amended Workplan, and EPA's "Interim Guidelines and

Specifications For Preparing Quality Assurance Project Plans111

(QAM-OO5/BO) and any subsequent amendlnents,
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fo, Prior to the development and submittal of a QAPP,
Respondent shall attend a pre-QAPP meeting sponsored by EPA to

identify all monitoring and data quality objectives, U.S., EPA,,

after review of the submitted QAPP, will either approve,

conditionally approve, or disapprove the QAPP. Upon not 1:1: i cation

of conditional or disapproval, Respondent shall make all required

iinodificationin to the QAPP within twenty-one (21) days of receipt

of such notificaition.
o

c, IJiiMii only laboratories which have a documented Quality

Assurance Program that complies with EPA guidance document QAKS-

005/80 and subiiiiiiquent amendments „

d. Ensure that the laboratory used by the Respondent for

analyses, performs according to a method or methods deemed

satisfactory to EPA and submits all protocols to be used for

4..y analyses to EPA at least. 30 days before beginning analysis.

e. Eiruiure that EPA personnel and EPA's authorized

XHEitpresentatives are allowed access to the laboratory and

personnel utilised by the Respondent for analyses.

56, IFl:espond«stnt shall notify EPA not less than fourteen (14) days

in advance of my sianple collection activity., At the request of

EPA, Respondant shall allow split or duplicate samples to be

taken by EPA or its authorized representatives, of any samples
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collected Ifoy Respondent with regard to the Site or pursuant to

the. impleiiinentation of this Order. In addition, EPA shall have

the right to take any additional, samples that EPA deems

necessary,

XIII. COMPLIANCE WITH APPLICABLE LAWS

57. All activities by Respondent pursuant to this Order shall be
s"-'/ perforiined in accordance with the requirement!:! of all Federal and

State laws and regulations., EPA has determined that the

activities contemplated by this Order are consistent with the

National Contingency Plan ("NCP").

58. Except as provided in section 121(e) of CERCLA and the NCP,,

no permit shall be required for any portion of the Work conducted

entirely on-Site. Where any portion of the Work requires a

H..y Federal or State permit, Respondent shall submit timely

applications and take all other actions necessary to obtain and

to comply with all such permits or approvals.,

59. This Order is not, and shall not be construed to foe,, a

permit issued pursuant to any Federal or State statute or

regulation,
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XIV., REMEDIAL PROJECT MANAGER

60. All communications, whether written or oral.,, from Respondent

to EPA is!ha 11 be directed to EPA's Remedial Project Manager.

Respondent shall submit to EPA ten (10) copies of all docwiientni>,

including plans, reports,, and other correspondence, which are

developed pursuant to this Order,, and shall send these documents

by spec if y cert if led inai 1, return r ecei pt requested.

V../ EPA's Remedial Project Manager is:

Steven 3, Padovani
Remedial Project Manager
Mail Code HSRW-6J
77 W. Jackson Boulevard
Chicago,, Illinois 60604

EPh's Alternate Remedial Project Manager is:

Mary Pat Tyson, Chief
:M ich igan / W i s cons i n Se ct i on :i: I
Mail Code HSRW-6J
77 W. Jackson Boulevard
Chicago, Illinois 60604

61.. EPA may change its Renedial Project Manager or Alternate

Remedial Project Manager., If EPA changes its Renedial Project

Manager or Alternate Remedial Project Manager, EPA will inform

Respondent in writing of the name, address, and telephone number

of the new Remedial Project Manager or Alternate Remedial Project

Manager.

62.. EPA/s RPM and Alternate RP'M shall have the authority

lawfully vested in a Remedial Project iManager ("'RPM111) and On-

Scene Coordinator ('"OSC"1} by the National Contingency Plan,. 40
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C.F.R. Part 300. EPA'a RPM or Alternate RPM shall have

authority, consistent with the National Contingency Plan,, to halt
any work required by this Order, and to take any necessary

response action.

XV. PROJECT COORDINATOR AND CONTRACTORS

63. All aspects-! of the Work to be performed by Respondent
V'L-"'' pursuant to this Order shall be under the direction and

supervision of a Project Coordinator qualified to undertake and
complete the requirements of this Order.. The Project Coordinator

shall be the RPM's primary point of contact with the Respondent
and shall possess sufficient technical expertise regarding all

aspects of the Work,. Within fifteen (15) days after the
effective date of this Order, Respondent shall notify EPA in

writing of the name and qualifications of the Project

Coordinator,, including primary support entities and staff,,
proposed to be used in carrying out Work under this Order.,

64.. Within thirty (30) days after EP'A approves the RA Workplan,
Respondent sha 11 ident i£ y a proposed construct ion contractor and
notify EPA in writing of the name,, title, and. quail float ions of
the construction contractor proposed! to be used in carrying out
work under this Order,. EPA reserves the right to disapprove the
proposed construction contractor. In the event that EPA

disapproves the proposed construction contractor, Respondent
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shall submit the names, title and qualifications of a new proposed

contractor within fifteen (15) days of EPA's disapproval of the

contractor previously proposed.

65.. Respondent shall submit a copy of the construction

contractor solicitation documents to EPA not later than five (5)

days after publishing the solicitation documents. Upon EPA's

written request, Respondent shall submit complete copies of all

bid packages received from all contract bidders when Respondent

notifies EPA of the identity of the proposed construction

contractor.,

66.. At. least seven (7) days prior to commencing any work: at the

Site pursuant to this Order, Respondent shall submit to EPA a

certification that Respondent or its contractors and

subcontractors have adequate insurance coverage or have

\s|y indemnification for liabilities for injuries or damages to

persons or property which nay result from the activities to be

conducted by or on behalf of Respondent pursuant to this Order.

Respondent shall ensure that such insurance or indemnification is

maintained for the duration of the Work required by this Order.

67.. EPA retains the right to disapprove of the Project

Coordinator and any contractor,, including but not limited to

remedial design contractors and construction contractors retained

by the Respondent, In the event EFA disapproves a Project
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Coordinator or contractor,, Respondent shall retain a new project

coordinator or contractor to perform the work,, and such selection

shall be made within fifteen (15) days following the date of

EPA's disapproval,, If at any time Respondent propose to use a

new project coordinator or contractor( Respondent shall notify

EPA of the identity of the new project coordinator or contractor

at least fifteen (15) days before the new project coordinator or

contractor performs any wo>:rk under this Order.
^ '

XVI,. SITE ACCESS .AND DOCUMENT AVAILABILITY

68. In the event that the Site, the off-Site area that is to be

used for access, property where documents required to be prepared

or maintained by this Order are located, or other property

subject to or affected by this response action, is owned in whole

or in part by parties other than those bound by this Order,,

VJ J Respondent will obtain, or use its best efforts to obtain,, site

access agreements from the present owner(s) within sixty (60)

days after the effective date of this Order,. Said agreements

shall provide access for EPA,. its contractors and oversight

officials, the State and its contractors, and Respondent or

Respondent's author i .zed representatives and contractors„ s aid

agreements shall specify that Respondent is not EPA's

representative with respect to liability associated with Site

activities,, Copies of such agreements shall be provided to EPA

prior to Respondent1s initiation of field activities.
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Respondent's best efforts shall include providing reasonable

coimpensatiom t.o any off-Site property owner. If access

agreements are not obtained within the time referenced above,

Respondent shall immediately notify EPA of its failure to obtain

access.

69. If Respondent cannot: obtain the necessary access agn-seilliente,,

EPA nay exercise non-reviewable discretion and; (1) use its legal

authorities to obtain access for the Respondent(s); (2) conduct

response actions at the property in question; or (3) terminate

this Order,, If EPA conducts a response action and does not

terminate the Order, Respondent shall perform all other

act.ivities not requiring access to that property. Respondent

shall integrate the results of any such tasks undertaken by EPA

into its reports and deliverabIes,. Respondent shall reimburse

EPA, pursuant to Section XX of this Order, for all response costs

ViL'' (including attorney fees) incurred by the United States to obtain

access for Respondent„

70.. Respondent shall allow EPA and its authorized

representatives and contractors to enter and freely move about

all property at the Site and off-Site areas subject to or

affected by the Work under this Order or where documents required

to be prepared or maintained by this Order are located, for the

purposes of inspecting conditions, activities, the results of

activities,, records, operating logs, and contracts related to the
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Site or :Resi!>ondent and its representatives or contractors

pursuant to this Order; reviewing the progress of the Respondent

in carrying out: the terms of this Order; conducting tests as EPA
or its authorized representatives or contractors deem necessary;

using a camera, sound recording device or other documentary type

equipment; and verifying the data submitted to EPA by Respondent.

Respondent shall allow EPA and its authorized representatives to

enter the Site, to inspect and copy all records, files,

ptotongraphs „ documents, sampling and monitor ing data, and other

writings related to work undertaken in carrying out this Order.

Nothing herein shall limit EPA/s right of entry or inspection

authority under Federal law.,

XVII. RECORD PRESERVATION

71. On or before the effective date of this Order, Respondent

shall submit a •written certification to EPA that they have not

altered,, mutilated, discarded, destroyed or otherwise disposed of

any records, documents or other information relating to their

potential, liability with regard to the Site since the tine of

their notification of potential liability by EPA or the State..

Respondent shall, not dispose of any such documents without prior

approval by EPA., Upon EPA's request, Respondent shall make all

such documents available to EPA..
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72. Respondent shall provide to EPA upon request, copies of all

documents and information within their possessicm or control or

that of any of their contractors or agents relating to activities

at the. Site or to the implementation of this Order, including but

not limited to sampling, analysis-!,, chain of custody records,

manifesta, trucking logs, receipts, reports, sample traffic
routing, correspondence, or other documents or information.

Respondent shall also make available to EPA for purposes of

^ investigation, information gathering, or testimony, their

employees„ agents, or representat ives with knowledge of relevant

facts concerning the performance oil the Work.

73. Until ten (10) years after EPA provides notice pursuant to

paragraph 92 of this Order, Respondent shall preserve, and shall

instruct their contractors and agents to preserve, all documents,,

records, and information of whatever kind, nature or description

vj...,/ relating to the performance of the Work. Upon the conclusion of

this document retention period,, Respondent shall notify the

United States at. least ninety (90) days prior to the destruction

of any such records, documents or information, and,, upon request

of the United States, Respondent shall deliver all such

documentsir records and information to EPA,,

74. Respondent may assert a claim of business confidentiality

covering part or all of the information submitted to EPA pursuant

to the terms of this Order under 40 C.F.R. § 2.203, provided such
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claim is not inconsistent with section 104(e) (7) of CERCLA, 42

U.S.C. § 9604(e)(7) or other provisions of law. This claim shall

be asserted in the manner described by 40 C..P.R,, S 2«203(b) and

substantiated by Respondent at the time the claim is made..

Infcnnation determined to be confidential by EPA will be given

the protecticn specified in 40 C.F..R. Part 2. If no such claim

accompanies the information when it is submitted to EPA,, it nay

be made available to the public by EPA or the state without

•̂-''' further notice to the Respondent. Respondent shall not assert

confidentiality claims with respect to any data or documents

related to Site conditions,, sampling, or monitor ing.,

75. Respondent shall maintain,, for the period during which this

Order is in effect, an index of documents that Respondent claims

contain confidential business information., The index shall

contain, for each document, the date,, author,, addressee,, and

v| j subject of the document. Upon written request from EPA,,

Respondent, shall submit a copy of the index to EPA.,

XVIII. DELAY IN PERFORMANCE

76. Amy delay in performance of this Order that, in EPA's

judgment, is not properly justified by Respondent under the terms

of this section shall be considered a viol Hit ion of this Order.

Any delay in performance of this Order shall not affect
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Respondent's obligation to fully perform all obiigations under

the terms and conditions of this Order.

77.. Respondent shall notify EPA of any delay or anticipated

delay in performing any requirement of this Order. Such

notification shall be made by telephone to EPA's RPM or Alternate

RPM within forty eight (43) hours after Respondent first knows or

should have known that a delay might occur. Respondent shall

'•••-'' adopt all reasonable measures to avoid or rai.niinii.rc0 any such

delay,. Within seven (7) days after notifying EPA by telephone!

Respondent shall provide written notification fully describing

the nature of the delay, any justification for delay, any mason

why Respondent should not be held strictly accountable for

failing to comply with any relevant requirements of this Order,

the measures planned and taken to minimize the delay, and a

schedule for implementing the measures that will be taken to

y.ji / mitigate the effect of the delay. Increased costs or expenses

associated with implementation of the activities called for in

this Order is not a justification for any delay in performance.

XIX. ASSURANCE OF ABILITY TO COMPLETE WORK

78.. Respondent shall demonstrate its ability to complete the

Work: required by this Order and to pay all claims that arise from

the performance of the Work by obtaining and presenting to* EPA

within thirty (30) days after approval of the RD Workplan, one of
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the following: (1) a performance bond; (2) a letter of credit;

(3) a guarantee by a third party; or (4) internal financial,

infooiation to allow EPA to determine that Respondent has

i-iufficient assets available to perform the Work,. Respondent

shall demonstrate financial assurance in an amount no less than

the estimate of cost for the remedial design and remedial action

contained in the Record of Decision four the Site. If Respondent

seeks to denonstrate ability to complete the remedial action by

means of internal financial information,, or by guarantee of a

third party,, they shall re-submit, such information annually, on

the anniversary of the effective date of this Order,. If EPA

determines that such finane ial information is inadequate,

Respondent shall,, within thirty (30) days after receipt: of EPA"s

notice of determination, obtain and present to EPA for approval

one of the other three forms of financial assurance listed above,.

XX. REIMBURSEMENT OF RESPONSE COSTS

79. Respondent shall reimburse EPA,, upon written demand,, for all

response costs incurred by the United States in overseeing

Respondent" s implementation of the requirements of this Order.,

EPA may submit to Respondent on a periodic basis an accounting of

all. oversight response costs incurred by the United States with

respect to this Order. EPA's Itemized Cost Summary Reports, or

such other suiimiary as may be certified by EPA, shall serve as the

basiii! for payment demands,



42

80, Respondent shall, within thirty (30) days after receipt of

each EPA accounting, remit a certified or cashier"s check for the

amount of those costs., Interest shall accrue fir on the later of

the date that payment of a specified amount is demanded in
writing or the date of the expenditure. The interest rate is the

rate established by the Department of the Treasury pursuant to 31

U.5.C. S 3717 and 4 C.P.R. Si 102.13.

"'••••'' 131,, Checks shall be made payable to the "'U.S. EPA Hazardous

Substances Superfund"1 and shall include the name of the Site, the

Site identification number, the account number and the title of

this Order,. Checks shall be forwarded to:

U.S. Environmental Protection Agency
Superfund Accounting

P.O. BOX 70753
Chicago, Illinois 60604

Respondent shall send copies of each transitedttal. letter and check

to the £PA'ps RPM.

XXI,. TOUTED STATES NOT LIABLE

82. The United States and EPA are not to be construed as parties

to, and do not assume any liability for, any contract entered

into by the Respondent to carry out. the activities pursuant to

this Order, The proper completion of the Work under this Order

is solely the responsibility of the Respondent. The United

States and EPA, by issuance of this Order, also assume no

liability for any injuries or damages to persons or property
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rei-iulting from acts or omissions by Respondent, or its direct .ore,

of ficers ,r employees, agents, representatives, successors,

assigns, contractors, or consultants in carrying out any action

or activity required by this Order.,

XXII. ENFORCEMENT AND RESERVATIONS

83. EPA reserves the right to bring an action against Respondent

under section 1.07 of CERCLA, 42 U.S.C. S 9607, for recovery of

any response costs incurred by the United states related to this

Order and not reimbursed by Respondent.. This reservation shall

include but not be limited to past costs, direct costs, indirect

costs, the costs of oversight, the costs of compiling the cost

documentati.cn to support, oversight cost demand, as well as

accrued interest, as provided in section 107 (a) of CERCLA.,

'•"'• Notwithstanding any other provision of this Order, at. any

tine during the response action, EPA may perform its own studies,

complete the response action (or any portion of the response

action) as provided in CERCLA and the NCP, and seek reimburseiiDient

from Respondent for its costs, or seek any other appropriate

relief.,

135, Nothing in this Order shall preclude EPA frcm taking any

additional enforcement act ions, including modi fication of this

Order or issuance of additional Orders, and/or additional
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remedial or removal actions as EPA nay deeirn necessary, or from

requiring Respondent in the future to perform additional

activities pursuant to CERCLA, 42 U.S.C. S( 9606(3.),, ej: SSHSLi.jp or

any other applicable law. This Order shall not affect

Respondent's liability under CERCLA section 107(a) , 42 U.S.C. S

9607(a), for the costs of any such additional actions.

136., Notwithstanding any provision of this Order, the United

•̂-/ States hereby retains all of its information gathering,

inspection, and enforcement authorities and right!-; under CER.CLA,

R.CEA, and any other applicable statutes or regulations.

87.. Respondent shall be subject to civil penalties under section

106(b) of CERCLA, 42 U..S.C,. $ 9606(b), of not more than $25,000

for each day in which Respondent violates, or fails or refuses to

comply with this Order without cause. In addition, failure to

\JlJ properly provide response action under this Order, or any portion

hereof,, without sufficient cause, nay result in liability under

section 107(c)(3) of CERCLA, 42 U.S.C. S 9607(c)(3), for punitive

damages in an amount at least equal to,, and not more than three

times the amount of any costs incurred by the Fund as a result, of

such failure to take proper action.,

88. Nothing in this Order shall constitute or be construed as a

release from any claim,, cause of action, or demand in law or
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equity against any person for any liability it may have arising

out of or relating in any way to the Site.

89.. If a court issues an order that invalidates any provision of

this Order or finds that Respondent has sufficient cause not to

comply with one or more provisions of this Order, Respondent

shall remain bound to comply with all provisions of this Order

not invalidated by the court's order.

XXIII. ACCESS TO ADMINISTRATIVE RECORD

90.. The Section 106 Administrative Record is available four

review on normal business days between the hours of 9:00 a.m., and

5::00 p.,™, at the U.S. EPA.ir Region V, 77 West. .Jackson Boulevard

Chicago, Illinois,. An Index of the Administrative Record is

attached hereto as Appendix 1,,

XXIV. NOTICE OF INTENT TO COMPLY

91. On or before the effective date of this Order,, Respondent

must submit to EPA written notice stating its unequivocal

intention to comply with all tennis of this Order.. Respondent's

written notice shall describe, using facts that exist on or prior

to the effective date of this Order, any "sufficient cause"

defenses asserted by Respondent under sections 106(b) and

107 (c) (3) of CERCLA. The absence of a response by EPA to the
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notice required by this paragraph shall not be deemed to be

acceptance of Respondent's assertions., In the event Respondent

fails to provide such written notice, then Respondent shall be

demed to have failed to comply with this Girder.

XXV., EFFECTIVE DATE AND TERMINATION

92. This Order shall become effective thirty (30) days after the

'""•'•••y' date of signature.,

93.. Within thirty (30) day!-: after Respondent concludes that all

phases of the Work have been fully performed, that the

Performance standards have been attained, and that all Operation

and Maintenance activities have been completed, Respondent sha.11

submit to EPA a written report by a registered professional

engineer certifying that the Work has been completed in full

Q.../ satisfaction of the requirement!-; of this Order., EPA shall

require such additional activities as may be necessary t.o

complete the Work or EPA may, based upon present knowledge and

Respondent's certification to EPA,, issue written notification to

Respondent that the Work has been completed, as appropriate,, in

accordance with the procedures set forth in Paragraph 41 for

Respondent's certification of completion of the Remedial Action.

EPA/s notification shall not limit EPA''s right to perform

periodic reviews pursuant to section I21(c) of CERCLA, 42 U.S.C.

S 9(521 (c) , or to take or require any action that in the judgment
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of EPA is appropriate at the Site, in accordance with 42 U.S.C.

SS 9604, 9606,, or 9607,,85, The provisions of this Order shall be

deemed to be satisfied when EPA notifies-! Respondent in writing

that Respondent has demonstrated, to U..S. EPA'B satisf action,,

that all tens of the Order have been completed. This notice

shall not,, however,, terminate Respondent' s obligatiom to comply

with paragraph 73 of this Order (relating to record

preservation)..
\u

XXVI. OPPORTUNITY TO CONFER

94. Respondent may, within ten (1.0) days after the date this

Order is signed,, roquest a conference with the EPA to discuss

this Order. If requested, the conference shall occur on Decemiaer

18, 1992,, at 77 West Jackson Boulevard, Chicago, Illinois,, 60604.

V.L/ 95. The. purpoise and scope of the conference shall be limited, to
issues involving the implementation of the response actions

required by this Order and the extent to which Respondent intends

to comply with this Order., This conference is not an evidentiary

hearing,, and does not constitute a proceeding to challenge this

Order. It does not give Respondent a right to seek review of

this Order, or to seek resolution of potential liability, Mo

record of the conference (e.g. stenographic,, tape or other

physical, record) will be made. At any conference held pursuant

to Respondent's request„ Respondent may appear in person or by an
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attorney or other representative. Requests for a conference

be by telephone followed by written confirmation to EPA's RP1M

So Ordered, this'̂ A day of ILo^ssaJ^^. i 1992.

BY:___
Dl?ic^bY7~Sa^te~M^iagelnent^BIvl

U.S. Environmental Protection Agency, Region V

\b
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FABM BITE, WI
GRODHDffATER CONTROL OPERABLE UNIT1

DECLARATION FOR THE RECORD OF DECISION

'-' «• ! a Ocat..On

Hagen Farm Site, Groundwater Control Operable Unit
Dane Co unt y , W i s c ons i n

This decision document represents the selected remedial action for
the Hagen Farm Site (the "Site") , in Dane County, Wisconsin,,
Groundwater Control Operable Unit, which was chosen in accordance
with the Comprehensive Environmental Response Compensation, and
Liability Act of 1980 (CERCLA) , as amended by the Super fund
Amendments and Reauthori .zation Act of 1986 (SARA) and, to the
extent practicable , the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) .,

This decision is based on the Administrative Record for the Hagen
Farm site.

The State of Wisconsin concurs with the selected remedy on the
condition that, at the time that, the proposed treatment, design is
finalized,, the State determines that, the proposed effluent
discharge limits and discharge location are acceptable to the
State .

Actual or threatened releases of hazardous substances from this
Site, if not addressed by implementing the response action selected
in this Record of Decision (ROD) , may present, an imminent and
substantial endangerment to public health,, welfare,, or the
environment.

This Groundwater Control Operable Unit is the second of two
operable units for the Site. For purposes of this ROD, the "Site"1
is defined as the area within the Hagen Farm property boundary and
the contaminant plume,. The selected remedial action for this
operable unit addresses the groundwater contamination by
remediation of contaminated groundwater., For purposes of this ROD,
111 on-pr operty groundwater " i s def ined as contaminated (groundwater on
and in the immediate vicinity of the main waste disposal, area and
" off •••property groundwater" is defined as contaminated groundwater



at any location within the plume other than in the area defined as
on-property groundwater.

The major components of the selected remedy include:

* Monitoring of all private wells located around the
Site;

* Pre-treatment of extracted on- and off-property
groundwater;

* Extraction and treatment, of groundwater;

* Treatment of on-property groundwater using Activated Sludge
Biological. Treatment;

* Treatment of off-property groundwater using a treatment.
technology to be determined during the design phase;

* Discharge of treated groundwater to wetlands or
the Yahara River ;

* Treatment and disposal of sludges generated from the
groundwater treatment and treatment, of off -gas emitted from
the treatment process ;

* Deed and access restrictions to prevent installation of
drinking water wells within the vicinity of the disposal
areas and of f -property ; and

* Implementation of a bench scale study to determine the
effect of nutrients and/ or oxygen on contaminated
groundwater.. If the bench scale study shows positive
results „ a pilot study would be conducted, with the
ultimate goal of enhancing the selected remedy with an in-
situ groundwater bioremediat ion system.,

The selected remedy is protective of human health and the
environment,. complies with Federal, and State environmental
requirements that are legally applicable or relevant and
appropriate to the remedial action,, and is cost effective,. This
remedy utilizes permanent solutions and alternative treatment
technologies to the maximum extent practicable and satisfies the.
statutory preference for remedies that employ treatment that
reduces toxicity, mobility, or volume as a principal element,



Because this remedy will result in hazardous substances remaining
on-site, a review will be conducted within five years after
commencement of the remedial action to ensure that the remedy
continues to provide adequate protection of human health and the
environment.

/• Valdas V. Adamkus Date4
^ Reg i ona 1 Adm. in i s t r a t or
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ROD SUMMARY
HMIEN FARM 8UFERFUMD SITE

GROU1IDWATER CONTROL OPERABLE UNIT
DANE COUNTY, WISCONSIN

.I,.

The Hagen Farm Site (the Site) is located at 231.8 County Highway
A, approximately one mile east of the City of Stoughton,, Dane
County, Wisconsin. The Site is defined as the area within the
Hagen Farm property boundary and the contaminant plume. The
property is approximately 28 acres in size and is located in the
northeast quarter of the southeast quarter of Section 10,,
Township 5 North, Range 11 East. Within the property boundary
is approximately 1C) acres of disposal area., The Site,, as a
whole, is situated in a rural, surrounding that is dominated
largely by sand and gravel mining and agriculture., Sand and
gravel, mining operations are located northwest , northeast, and
south of the Site. The Stoughton Airfield is located adjacent
to the northwest corner of the Site. County Highway "A" passes
just south of the property boundary (See Figure 1) .,

The City of Stoughton 's municipal wells are located
approximately two miles to the west. Three private wells are
located approximately 1000 feet west of the Site, and eight
private wells are located within 4, 000 feet downgradient from
the Site based on hydrogeology information obtained during
investigation at the Site (See Section V below) . The private
wells located at the Site were abandoned in accordance with MR
1.1.2 and are no longer in use., Approximately 350 people reside
within one mile of the Site,.

The Site is located in the Yahara River watershed, in an area of
flat to gently rolling topography., The Yahara River is located
approximately 1.3 miles to the west and flows in a southerly
direction,. The Site does not lie within the 100-year flood
plain. The land surface generally slopes toward the Yahara
River from topographically high areas located to the northeast
and east. Surface-water drainage in the area is generally
poorly developed, apparently due to permeable surface soils.
The only substantial, surface water bodies in the area are
Sundby's pond located approximately 1/2 mile south of the Site
and the Yahara River. An on-Site ditch is located at the
southeast corner of the property which flows to a wetland. This
wetland is located directly south of the Site. There is no
designated Wisconsin State signif icant habitat , or historic
landmark; site directly or potentially affected ,. No endangered
species are known to inhabit the Site.,

The Site is located in an area dominated by glacial, outwash
deposits, which extend approximately one-hall: mile to the
northeast. These deposits are dominated by sand and gravel.
Beyond this, ground moraine and occasional drumlins are
encountered „ Lacustrine deposits a ssoci ated with Glad a 1 Lake



5oco

an n±::: "
(0 c
F is::mn Jim

A «
ir> O ILL
1:1:1 o c
Jim „„,( i;j;i
;::;' Hi Oil
UI >lml ,|T|

••nil »»»• »W

C
3ILL co :i: at

Prepared by Jncoto liinglniuiiring Groop line,
lor 'the U.S.. Eiiivlroniriiieiiiubnll Piroitecillon Agiinncy,, T/22/tO

Drawn AH
OS



Yahara are located approximately one-eighth of a mile south.,
Bedrock, primarily sandstone and dolomite, underlie the glacial
deposit!:! in this area,. Bedrock generally slopes from the west
to southwest, toward a preglacial valley associated with the
Yahara River. The depth to bedrock ranges from 50 to 80 feet
near the Site. Groundwater is present approximately 1.0 to 40
feet below ground surface near the Site. Groundwater flow is
predominantly to the south-southwest, toward the Yahara River,
a regiona1 groundwater discharge zone„ Estimated groundwater
velocities ranged from 1.2 ft/yr to 145 ft/yr.

The current Site topography is the result of sand and gravel
mining and waste disposal activities. Prior to these
activities, the ground surface probably sloped from the existing
topographically high area located west and northwest toward the
southeast and east,. The excavated area in the northwest corner
of the property is flat. This flat, area is separated by a ridge
from the water-filled depression located to the northeast.

Within the Site's "'area of contamination" (AOC) ,, waste disposal
took place within three subareas. These subareas are A (6
acres, located in the southern portion of the property) , 13 and
C (1.5 acres each,, located in the northeastern portion) (See
Figure 2). All three subareas reside within the Site's formally
defined AOC. Subareas III and C have been consolidated into the
disposal, area A. Disposal area A has been capped and vegetated.
These consolidation and capping activities were conducted as
part of the Source Control Operable Unit (see ROD in this matter
dated September 17, 1990),

II,_5ii£JiisiO£y__aME_EHZQBSEMEHLa£II3aiISS
The Site was operated as a sand and gravel pit prior to the late
1950s., Observations suggest gravel operations encompassed an
area bounded by the current access road to the east, the former
Schroeter property boundary to the west, and the current
property boundary to the north (See Figure 2). Mining
operations reportedly terminated approximately 14 to 18 feet
below ground surface,. Excavation may have ceased at this depth
due to the presence of groundwater, more fine grained materials,
or a change in sand and gravel quality.

The gravel pit was then used for disposal of waste materials
from the late 1950s to the mid-1960s. During the period that.
the Site was operated as a disposal facility, the property was
owned by Nora Sundby, since deceased. The property was then
purchased from Nora Sundby by Orrin Hagen in November 1977,. The
Site is currently owned by Waste Management of Wisconsin,,
Incorporated (WHWI) ,. The Site was operated by City Disposal
Corporation. City Disposal Corporation was subsequently
purchased by WHWI* City Disposal was also the transporter of
much of the waste that was deposited at the Site. It is known
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that Uniroyal, Incorporated (Uniroyal) generated industrial
waste,, some of which was deposited at the Site beginning
sometime in 1962 and continuing through August 1.96(5..

Waste solvents and other various organic materials, in addition
to the municipal wastes,, were disposed of at the Site, including
acetone, butyl acetate, 1-2-dichloroethylene, tetrahydrofuran,
solid vinyl.,, sludge material containing methyl ethyl ketone and
xy lanes, and toluene.. In a 1.03 (c) Notification submitted to the
United States Environmental Protection Agency (U.S. EPA) by
Uniroyal, in June 1981, Uniroyal indicated that F003 and F005
wastes (spent non-halogenated solvents), which are hazardous
wastes within the meaning of the Resource Conservation and
Recovery Act (RCRA) , 42 U.S.,C. 6901, also were disposed of at
the site. This site stopped accepting waste in 1966, prior to
regulation of hazardous waste disposal by RCRA Subtitle C.,

Beginning in November 1980, in response to complaints received
from local residents, the Wisconsin Department of Natural
Resources (WDNR) began conducting groundwater sampling at nearby
private water supply wells, Sampling of the on-Site monitoring
wells during the period 1980-1986 indicated certain organic
compounds were present, in the ground;water, including benzene,,
ethy Ibenz ene, tetrahydrof uran (THF) , xyl.en.es, and toluene.

In addition,, nearby private water supplies on adjacent
properties also contained detectable levels of volatile organic
compounds (VOCs) . The private wells located on adjacent.
properties had been impacted by acetone, THF,, vinyl chloride,,
xylene „ trans-1, 2 •••dichiorethene,, and trichloroethyiene.

In 1983, the State of Wisconsin brought an enforcement action
for abatement, of a public nuisance against WMWI and Uniroyal.
At the same time, nearby residents to the Site brought a civil
action against. WMWI and Uniroyal, seeking civil damages for
reduced property values and potent ial health hazards result ing
from groundwater and well contamination. The State of Wisconsin
obtained a dismissal of its 1983 enforcement action against WMWI
and Uniroyal after the Site was listed on the National
Priorities List (NPL). In 1986, the parties to civil litigation
brought by the nearby residents to the site against. WMWI and
Uniroyal. reached a settlement., The exact terms of the
settlement are confidential. It is known, however,, that one of
the terms of the settlement, required WMWI to purchase the Site
property from Orrin Hagen, as well as other property located
adjacent to the Site. Upon acquiring these properties, WMWI
razed the structures constructed thereon.

The Site was proposed for inclusion on the NPL on September 18,
1985. The Site was placed on the NPL in July 1987.,
Subsequently, WMWI and Uniroyal, the two potentially responsible
parties (PRPs) named by U.S. EPA in connection with the Site to
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date, entered into an Administrative Order by Consent (U.S. EPA
Docket No. VW 87-C-016, dated September 14, 1987) (the Consent
Order) with U.S. EPA and WDNR. in the Consent Order, WHWI and
Uniroyal agreed to conduct a Remedial Investigation and
Feasibility Study (RI/FS) at. the Site. Accordingly, in July
1988,, upon U.S. EPA approval, in consultation with the WDNR, of
the required Work Plans, fieldwork at the Site commenced..

Two operable units (OUs) have been defined for the Site., OU I,
which is the Source Control Operable Unit (SCOU), is intended to
address waste refuse and sub-surface soils (Waste/sub-Soils) at
disposal area A and the two smaller disposal areas B and C, OU
II, which is the Groundwater Control Operable Unit (GCOU), is
intended to address the contaminated on- and off-property
groundwater at the Site. For purposes of this ROD,, "on-property
groundwater111 is defined as contaminated groundwater on and in
the immediate vicinity of the main waste disposal area and "off-
property groundwater"1 is defined as contaminated groundwater at
any location, within the plume other than in the area defined as
on-property groundwater. The OU approach, was agreed upon, after
discussions among U.S. EPA, WDNR, and the PRPs during the early
phase of the implementation of the Work Plan for the RI. This
ROD is developed for the GCOU, which is OU II.

The RI for the SCOU was completed in early 1989,, and the ROD was
signed on September 1.7, 1990., An Explanation of Significant
Differences was issued in April of 1991. Subareas B and C were
consolidated into the disposal area A and the construction of
the Landfill Cover over the main disposal area A, which is one
of the components of the selected remedy for the SCOU, was
completed in May 1992., Prior to the implementation of the
Landfill. Cover, wastes;; from areas B and C were consolidated into
the main disposal area A. The implementation of In •••Situ vapor
Extraction,, which is also part of the selected remedy for the
SCOU, was initiated in May 1992. The RI for the"GCOU was
initiated in July 1989 and the final RI report was submitted in
November 1991. An Alternative Array was prepared in July 1991,
which provided, a preliminary description of the technical
methods under consideration for cleaning up the groundwater.
Based on the evaluation and screening of technical, methods
available for addressing the groundwater contamination in the
Alternative Array,, a draft Feasibility Study (FS) report was
submitted in October 1991. The draft FS was revised in order to
include off-property contaminated groundwater in January 1992,
and finalized in April 1992,. The FS Report for the GCOU
out1ines the final aIternatives under cons ideration for
correcting contamination problems found in the groundwater, and
provides a thorough, evaluation of each alternative.,
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Upon the signing of the Consent Order in July 1.987, U.S. EPA
held a 30 -day public comment period.. A press release was sent
to all local media and advert isements were, placed.

A Community Relations Plan for the Site was finalized in July
1983,, This document lists contacts in the (government and
interested parties throughout the local communities. It. also
establishes communication pathways to ensure timely
dissemination of pertinent information.

An RI "Kickoff" meeting was held on July 14, 1988 to explain the
RI process,. A fact sheet was developed in conjunction with this
meeting. Advertisements were placed in the Madison Capital
Times and Stoughton Courier-Hub and a press release was sent, to
all local media.

A press release was sent to local media on March 27, 1989 to
update the community on the progress of Dane County, Wisconsin
Super fund sites , including Hagen Farm.

A public meeting was held on July 27, 1989 to explain the
findings of the RI and the operable unit approach. A fact sheet
was developed in com junction with this meeting . Advertisements
were placed to announce the meeting and a press release was sent
to all local, media,. Prior to the public meeting, U.S. EPA
representatives held a separate briefing for Town officials.

A public meeting was held on August 2, 1990, to present the
recommended remedy for the SCOU. Advertisements were placed to
announce the meeting and a press release was sent, to all local.
media., A public comment period was held from July 11, 1.990,, to
August 10, 1990., All comments received by U.S. EPA during the
public comment period and at the public meeting were addressed
in the Responsiveness Summary of the SCOU ROD.

A public meeting was held on August 29, 1991, to provide the
public with an update on the progress for the SCOU and the GCOU
at the Site. A fact sheet was developed in conjunction with
this meeting. Advertisements were placed to announce the
meeting and a press release was sent to all local media,.

The RI/FS and the Proposed Plan for the GCOU were released to
the public in Hay 1992. All. of these documents were made
available in the information repositories maintained at the
Stoughton Public Library and Klongland Realty., An
administrative record file containing these documents and other
site-related documents was placed at the Stoughton Public
Library. The notice of availability of these documents was
published in the Stoughton Courier-Hub, Wisconsin State Journal ,
and Madison Capital Times on May 27, 1992., Press releases were
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also sent to all local media.. A public comment period was held.
from June 1, 1992 to July 1, 1992., The request for an extension
of the comment period was made and the public comment period was
extended until July 31, 1992,. In addition, a public meeting was
held on June 1.1, 1992 to present the results of the RI/FS and
the preferred alternative as presented in the Proposed Plan for
the Site. All comments received by U.S. EPA during the public
comment period are addressed in the Responsiveness Summary which
is the third section of this ROD.,

As sampling results from private wells became available, U.S.
EPA wrote letters to the property owners to inform them of these
results, These letters were mailed in September 1989 and
December 1990,.

TV,
As discussed in. Section II above, U.S. EPA has divided the site
into two operable units. The SCOU addresses waste refuse and
sub-surface soils at disposal area A and the two smaller
disposal areas lit and C. The GCOU,, which is the subject of this
ROD,, is intended to address the contaminated on-and off -property
groundwater at the Site.

U. S ,. EPA identified contaminated on- and of f -property
groundwater as poising potential risks to human, health and the
environment. To add'ress these risks , U.S. EPA developed the
following remedial objectives for the GCOU based on the data
obtained during the RI ::

1) Restore groundwater so that contamination levels meet
appropriate Federal, and State groundwater qual ity
standards;

2) Stop the flow of contaminated groundwater
dovngradient of the Site and to the Yahara River;1 and

3) Prevent the flow of contaminated groundwater to
re s id en t i a 1 we 1 1 s .,

This ROD was developed to meet these objectives and it addresses
the contamination problems identified in the GCOU, namely the
on- and off •••property groundwater contamination at the Site.
This response action is being implemented to protect human
health and the environment from risks posed by the contamination
problems.

This present response action, by addressing contaminated, on- and
off -property groundwater,, is fully consistent with all future
site work, including the on. -going Remedial. Design and Remedial
Action (RD/RA) for the SCOU at the Site,
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In November 1991, an RI Report for the GCOU was completed under
the guidance and oversight of U.S. EPA and WDNR. The RI for the
GCOU was to determine the nature and extent, of contamination in
the groundwater , and evaluate possible exposure pathways . The
report summarized all soil •••boring, surface water, on- and off-
property groundwater , private well , pump test, and treatability
study analytical data that had been collected. The RI report
should be consulted for a more thorough description of the Site
char a c t. er i s t i c s „

The following are the results of the RI at the Site:

The uppermost aquifer at the Site is the glacial sand and
gravel aquifer. This aquifer is unconfined with
groundwater present approximately 10 to 40 feet below
ground surface near the Site. The sandstone bedrock
aquifer is located below the glacial sand and gravel
aquifer ,. The saturated thickness of the unconsolidated
sand and gravel aquifer generally ranges from 30 to 40 feet
on site and 50 to 100 feet off site. The thickness of the
bedrock aquifer is unknown,. Based on the contact of the
sand and gravel aquifer with the bedrock aquifer and the
insignificant difference between water levels in the sand
and gravel and bedrock wells, it appears that the two
aquifers are hydraulically connected.

Groundwater flow immediately beneath the main disposal area
(Area A) is predominantly toward the southeast, but then
rotates to a southerly and southwesterly direction
immediate ly downgradient of disposal area A . Groundwater
flow south, of County Highway A appears to be generally
southerly to southwesterly, with fairly uniform horizontal.
gradients,, Groundwater velocities ranged from 1,2 to 145
feet per year „

It does not appear that Sundby's pond functions as a local
groundwater discharge area; groundwater flow appears to be
horizontal or slightly downward beneath the pond. Data
also indicate that the nearby drainage ditch is probably
not a potential groundwater discharge point .

The constant rate pumping test was run for 33 hours,.
During this test, 119,000 gallons were pumped from the
aquifer resulting in a cone of depression extending out
approximately 400 feet. This test indicates that the
aquifer behaves as an unconfined aquifer with some degree
of connect ion to the sandstone bedrock. Results showed an
average transmissivity of 24,000 gallons per day per foot.
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The contaminants causing the most concern are VOCs . The
elevated levels of VOCs detected in groundwater were
THF ((530,000 parts per billion (ppb) ) , ethylbenzene (4,400
ppb) , toluene (2,700 ppb), and xylenes (37,, 000 ppb)..
Benzene (8 ppb), 1,1-dichloroethene (1 ppb), and vinyl
chloride (77 ppb) were also detected in the groundwater.
Inorganic compounds such as arsenic (25. 2 ppb), barium
(1,570 ppb), iron (17,000 ppb), lead (6 ppb), manganese
(3,300 ppb), and mercury (6.5 ppb) were also found in the
groundwater. Ar odor™ 12 4 2 (0.25 ppb) , arsenic (31.9 ppb) ,
lead (997 ppb), cadmium (35.6 ppb), chromium (109 ppb), and
mercury (1.0 ppb) were detected in the leachate from the
landfill.
The occurrence, concentration,, and distribution of THF
suggest there is a THF plume originating in the south-
central section of disposal area A which extends
downgradient (south) approximately 3 , 600 feet to between
test boring #1 and well nest #34 (See figure 3) .,

Private wells determined to be potential, receptors were
sampled in September 1989, August 1990 and September 1991.
VOCs were not detected in private well samples collected
during this invest igat ion .

A treatability study was conducted during the on-property
pump test. The results of the treatability study indicate
that air stripping can. attain removal levels as high as 40
percent of the THF concentration in the sample tested. It
is estimated that a cascade aeration system will remove up
to 30 percent of the THF, with higher removal, efficiencies
for other VOC contaminants ,. Granular activated carbon
(GAC) is an effective technology to remove VOCs by itself
and also in combination with biological treatment.
However,, two of the contaminants, THF and 2-butanone, are
not readily adsorbable. An activated sludge system can
remove up to 99 percent, of the THF and other organic
compounds in the groundwater . UV™ chemical oxidation should
remove up to 99 percent of the contaminants.

The baseline risk assessment was conducted to characterize the
current, and potential future threat to public health and the
environment, posed by chemicals in the groundwater originating
at, or migrating from the Site. Both current and potential.
future- use conditions were examined in the baseline risk
assessment. Under current conditions, the Site was assessed in
the absence of remedial action for groundwater.,
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A risk assessment consists of four primary parts: identifying
chemicals and other contaminants of concern; assess ing pathways
through which humans,, plants, and animals could be exposed to
contamination; assessing the toxicity of the contaminants; and
charact.er.izing cancerous and non-cancerous health effects on
humans.

a. Human Health Mi ales

1. Contaminant Identification

The first step of the risk assessment was to select, chemicals
and other contaminants of potential concern for detailed
evaluation. This was conducted by summarizing and evaluating RI
data, including a consideration of naturally occurring
background levels and the presence of chemicals in blank;
samples. Biased on this evaluation, 56 chemicals of potential
concern were selected for detailed assessment,. These chemicals
were considered most likely to be of concern to human health and.
the environment. The following compounds were selected as the
chemicals and other contaminants of potential concern:

Organic Compounds MetaIs

Acetone Benzene Arsenic
Benzole acid Benzyl alcohol Barium
2-Butanone Chlorobenzene Copper
Chloromethane 1,. l-Dichloroethene Manganese
1,4 -Dichlorobenzene 1,2-Dichloroethene Mercury
4,4'-DDE Dieldrin Nickel
Diethylphthlalate 2,4-Dimethylphenol Vanadium
Ethylbenzene 4-Methylphenol Zinc
Naphthlalene Di--n--octylph.thal.ate
Phenol. Tetrahydrofuran
Toluene Vinyl acetate
Vinyl chloride Xylenes (total)

These contaminants were detected in both on- and off-property
groundwater. Table 1 identifies the maximum concentration of
contaminants in groundwater.

2. Exposure Assessment

An exposure assessment was conducted to identify potential
pathways of exposure under current and future Site and.
surrounding land-use conditions„ The following pathways were
selected for detailed evaluation under current use conditions
(Although no current, private wells located around and
downgradient of the Site are impacted by the contaminated
groundwater,, the assumptions were made that the private wells
located in the near and. far downgradient of the Site might be
impacted due to the potential, for groundwater flow changes,.):



TABLE 1
Hagen Farm Site

Groundwater Contamination
Maximum Levels Detected/Groundwater Cleanup Standards

Compounds

Organic

Benzene

1 , 1 -Dichloroethene

Ethylbenzene

Tetrahydrofuran

Toluene

Xylenes

Vinyl Chloride

Inorganic

Arsenic

Barium.

Iron

Lead

Manganese

Mercury

Maximum Concentration
(ug/1)

On-Property

8

1

4,400

630,000

2,700

37,000

77

2:5.2

1,570

17,000

6

3,330

6.5

Off-Property

ND

ND

ND

1,200

ND

ND

5

ND

ND

ND

5. (51

ND

ND

ES

5

1

1,360

50

343

620

0.2

50

1,000

300

50

50

2

Standards
<u«/L)

PAL

0.067

0,024

27.2

10

68.6

1124

(1.00115

5

200

150
s

25

<K2

MCL

5

7

700

NA

1 ,000

10,000

2

50

2,000

300'

151

NA

2

BO

ND

ND

ND

ND

ND

ND

ND

ND

37

ND

ND

ND

ND

ES: Enforcement Standard, NR 140, WAC
PAL: Preventive Action Limit, NR 140, WAC
MCL: Maximum Contaminant Level, Safe Drinking Water Act
BD: Background Level
ND: Not-Detected
NA: Not Available

' Secondary MCL
2 Action Level value
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Ingestion of groundwater ; and,

Inhalation of VOCs by residents located near and
far downgrdient of the Site while showering.,

Under future-use conditions, the following pathways were
selected for evaluation:

Ingestion of groundwater by a future resident, on
the Site; and

Inhalation of VOCs while showering by a future
residents on the Site..

For the ingestion of groundwater by current and future
residents,, adult resident!;; were, assumed to weigh 70 kg and
ingest two liters of water per day, 350 days per year and to
live in the same location for 30 years of their 70-year expected
lifetime. For the inhalation of VOCs while showering, an
exposure time of 1.7 minutes,, a frequency of exposure of 350 days
per year, and a duration of exposure of 30 years ware assumed,.

The maximum concentration of contaminants of concern was used
for groundwater to calculate the risk. For the inhalation
exposures while shower ing, the exposure point concentrations
were calculated using a shower model.

3. Toxicity Assessment

The harmful effects, or toxicity, of a chemical in terms of its
potential cancerous and non-cancerous health effects were
evaluated., Research was conducted to determine the toxicity of
chemicals, and the results and conclusions of this research were
used in the evaluation of the toxicity of Site-related
contamination., In the research of a chemical's toxicity,, the
effects of low levels of chemical exposure on people in the
workplace are studied over long periods of time, and test
animals are studied in laboratories, where animals are exposed
to varying levels of chemicals over different lengths of time.

Cancer slope factors have been developed by u.S. EPA's
Careinogen Assessment Group for estimating excess 1i fetime
cancer risks associated with exposure to potentially
care inogen ic chemicals, Slope factors, which are expressed in
units of (mg/kg-day)*1, are multiplied by the estimated intake of
a potential carcinogen, in mg/kg-day, to provide an upper •••bound
estimate of the excess lifetime cancer risk associated with
exposure at that intake level. The term "upper bound" reflects
the conservative estimate of the risks calculated from the
cancer slope factor. Use of this approach makes underestimation
of the actual cancer risk highly unlikely., Cancer slope factors
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are derived from the results of human epidemiological studies or
chronic animal bioassays to which animal-to-human extrapolation
and uncertainty factors have been applied., Table 2 contains the
cancer slope factors for carcinogenic contaminants of concern at
the Site.,

Reference doses (RfDs) have been developed by U.S. EPA for
indicating the potential for adverse health effects from
exposure to chemicals exhibiting noncarcinogenic effects, RfDs,
which are expressed in units of mg/kg-day, are estimates of the
daily exposure to the human population (including sensitive
subpopulations) that is likely to be without an appreciable risk
of deleterious effects during a lifetime., RfDs are derived from
human epidemiological studies or animal studies to which
uncertainty factors help ensure that the RfDs will not.
underestimate the potential for adverse noncarcinogenic effects
to occur. The reference doses for contaminants of concern at
the Site are specified in Table 2-.

4,. Risk Characterisation

Using the maximum levels of each contaminant detected in the
groundwater for each respective calculation, the excess cancer
risk and non-cancerous effects were calculated for current and.
future scenarios,. Under current-use conditions, the
groundwater data used was from monitoring wells located near and
far downgradient from the Site. The cancer risk due to the
ingest ion of groundwater near downgradient is 2 X 10"*.

The cancer risk due to the inhalation of VOCs from showering is
2 X l.cr!i. The hazard index for ingest ion of near downgradient
groundwater is 3, and far downgradient groundwater is 10. The
higher hazard index for far downgradient groundwater (10) is the
result of higher contaminant concentrations detected in far
downgradient wells, Higher contaminant concentrations in far
downgradient wells may possibly be due to downward vertical
gradients of the plume,. The hazard index numbers indicate that
exposure to contaminants may produce harmful., non-cancerous
effects.,

Accordingly,, under future-use conditions, it is assumed that
residential housing would be developed around, the Site. The
groundwater data collected from on-property wells were used to
calculate the risk for the future-use scenario. The cancer risk
through the ingestion of groundwater in shallow wells is 2 X 10'3.
The hazard index from shallow wells located on site is 6,000,,
U. S. EPA considers these risks unacceptable,. Table 3 contains
the cancer risk and hazard index: for current and. future cases,.



TABLE 2
Hagen Farm Landfill Site

ORAL TOXICITY CRITERIA FOR CHEMICALS OF POTENTIAL CONCERN

Chemical

Organic Chemicals

Acetone
Benzene
Benzoic Acid
Benzyl alcohol
2-Butanone (methyl ethyl ketone)
Chlorobenzeoe
Chloromethane
4,4'-DDE
Di-n-octylphthalate
1 ,4-Dichlorobenzene
1,1-Dichloroethene
1,2-Dichloroethene
Dieldrin
Diethylphthalate
2,4-Dimethylphenol
Ethylbenzene
4-MethyIphenol (p-cresol)
Naphthalene
Phenol
Tetrahydrofuran
Toluene
Vinyl Acetate
Vinyl Chloride
Xylenes (total)

Inorganic .Chemicals

Arsenic
Eadum
Copper
Manganese
Mercury
Nickel
Vanadium
Zinc and compounds

Chronic Reference Dose
(mg/kg - day)'1

2.90E-02
—
—
—
—

1.30E-02
3.40E-01

—
2.40E-02
6.00E-01

—
1.60E+01

—
—
.....
—
—
—
.....
...
...

1.90E+00
...„

1.80E+00
—
—
—
—
—
—
.....

Slope Factor
(mg/kg •• day)'1

l.OOE-01
—

4.00E+00
3.00E-01
5.00E-02
2.00E-02

......
—

2.00E-02
l.OOE-01
9.00B-03
2.00E-02
5.00E-05
8.00E-01
2.00E-02
l.OOE-01
5.00E-02
4.00E-03
6.00E-01
2.00E-03
2.00E-01
l.OOE+00

—
2.00E+00

l.OOE-03
7.00E-02
3.70E-02
l.OOE-01
3.00E-04
2.00E-02
7.00E-03
2.00E-01



TABLE 3
Hagen Farm. Landfill Site

SUMMARY OF POTENTIAL HEALTH RISKS ASSOCIATED WTTH
CURRENT AND FUTURE LAND USE CONDITIONS

Exposure Pathway

Currgntjlesicients

Ingestion of Groundwater (Off-property Shallow Wells)

Downgradient - Near
Downgradient - Far

Inhalation of Volatiles from Sowering with Groundwater
(Off-Property Shallow Wells)

Downgradient - Near
Downgradient - Far

FutU£e_Residents

Ingestion of Groundwater
Hypothetical Resident on Property
(Shallow wells)
(Shallow wells •• On Property Data)
(Deep wells)

Inhalation of Volatiles from Showering with
On-Site Groundwater

Hyptothetical Resident
(Shallow wells)
(Shallow wells - On Property Data)
(Deep wells)

Upper Bound
Excess Lifetime

Cancer Risk1

2E-04

2E-05
8E-07

2E-03

2E-05

2E-04

5E-06

Hazard Index for
Noncarcinogenic

Effects b

> 1 (3)
> 1 (10)

<!

> 1 (6,000)
> 1 (30)
> 1 (300)

> 1 (300)
===!<:

" The upper bound individual excess lifetime cancer risk represents the additional probability
that an individual may develop cancer over a 70-year lifetime as a result of exposure
conditions evaluated..

b The hazard index indicates whether or not exposure to mixtures of noncarcinogenic chemicals
may result in adverse health effects. A hazard index less than one indicates that adverse
human health effects are unlikely to occur.

|: When recalculated by target organ or effect, all. hazard index values were less than one,,
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An ecological risk: assessment was conducted to evaluate
potential impacts on nonhuman receptors associated with the
site. An evaluation of selected terrestrial plants and soil
organism!:! ( earthworms ) to chemicals of potent ia 1 concern
indicated that neither plant nor earthworm populations would be
adverse ly a f f ect ed .

No significant changes have been made since the May 1992:
publication of the FS and Proposed Plan.,

Based on the results of the El and risk assessment, an FS was
conducted to identify and evaluate a variety of alternatives for
protecting human health and the environment from the
cointami.nati.oin associated with the groundwater contamination at
the site. After identifying and screening potential remedial
technologies for the Site, two alternatives were selected for
further evaluation.. The selection of these two alternatives
from various remedial technologies was based on the screening
process considering the remediation goal, the results of the
treatability study, volume of groundwater to be treated,,
contaminant levels, and the merit of the technology,, Each of
the alternatives is evaluated using a set of nine criteria,
These criteria reflect, the goals of the Super fund program,. They
are used by U.S. EPA to compare the merits of each alternative.
These criteria are explained in Section IX.

Descriptions of the two alternatives considered by U.S. EPA are
provided below, including costs,, estimated in terms of capital
cost and annual operation and maintenance cost. Together, these
dollar amounts are converted to net present worth,. U.S. EPA's
evaluation of each remedial, alternat ive using the evaluation
criteria is summarized in Section IX.

Due to the relatively low concentration levels of contaminants
detected off --property and lack of information collected for the
of f -property aquifer , the groundwater contamination at the S ite
was separated into on- and off -property groundwater
contamination. The terms "on-property" and "off -property" are
defined in Section II . More studies will be conducted of f -
property as part of the RD/RA Phase to characterise the off-
property aquifer and to gather other necessary information,
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The alternatives considered for the GCOU are:

;M t uirnisi t i ve :i. :: Mo Action.

Alternative 2 : Groundwater extraction and treatment ;
Discharge of treated groundwater to the wetlands
or Yahara River ,.

A description of each of these alternatives follows:;

hi J: jiirJEM! J:.;b£lL... .11 No Act i on

Under this alternative, the Site would be left in its present
condition and no action would be taken to reduce the risk of
exposure to contamination. U.S. EPA requires consideration of
a no-action alternative to serve as a basis against which other
remedial alternatives can be compared,, Under this alternative ,
groundwater ••••quality monitoring of selected, on™ property,, off™
property, and all private wells located on and around the Site
will be continued .

The capital, cost, of this alternative is approximately $179,000,
and annual Operation and Maintenance (O&M) is $50,, 000,. The 30-
year present net worth (PNW) cost is $1,025,000.

OLJLL Groundwater extraction and treatment;
Discharge of treated, groundwater to the wetlands
or Yahara River.

Under this alternative , on-property groundwater will be
extracted and treated using an activated sludge biological
system,. The off •••property groundwater will be extracted and
treated using the treatment technology which will be selected
during the Remedial. Design (RD) stage. The off-property
treatment technology will selected during the RD stage because
additional information is needed concerning the off-property
aquifer. The treated groundwater will foe discharged, into the
wetlands or Yahara River ,. The treated, on-property groundwater
may also be reinjected to the on-property aquifer with nutrients
and /or oxygen to enhance biodegradation. The private wells
located around the Site will be monitored. It is anticipated
that aquifer restoration under this alternative may require a 30
year period.

Groundwater extraction will be performed by a series of
groundwater extraction wells placed at strategic locations
downgradient of the source of contamination.. The precise
location,, number, and depth of these wells will, be established
in the RD phase. Preliminary aquifer flow analysis indicates
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that wells extracting 100 to 180 gallons per minute (GPH) should
contain and significantly reduce the contamination within the
plume,

The extracted groundwater from on-property will foe treated using
an activated sludge biological system. In a biological
treatment process, the contaminants act as an energy source for
biological microorganisms, If, over time, the contaminant.
concentrations become too low to support biological growth,
additional materials (e.g., milk whey) may be added to maintain
optimum biological activity for contaminant degradation. When
influent contaminant concentrations in the biological process
decrease to a level, insufficient to support biological, activity
without large additions of substrate, a more cost-effective
option may be to switch to a physical or chemical treatment.
process, such as Granular Activated. Carbon (GAG) . The
biological system should remove up to 99 percent of the
contaminants in the groundwater. Prior to the biological
treatment, the extracted on-property groundwater would be passed
through the pretreatment facility to remove metals and inorganic
solids,.

In addition, the treated on •••property groundwater may foe enhanced
with nutrients and/or oxygen and reinjected into the aquifer to
promote in-situ contaminant biodegradation in groundwater and
saturated soils,, potentially decreasing the tine necessary for
extraction and treatment,. The reinjected water may also help
flush additional contaminants from the aquifer. Preliminary
groundwater flow analysis indicated that approximately 30
percent of the total on-property extraction volume will foe
treated to MR 140 Preventive Action Limits (PALs) by biological
treatment and reinjected into the aquifer. Because the
effectiveness of this enhancement is uncertain, full
implementation should be preceded by a testing and evaluation
phase to determine the feasibility of performing long-term in-
situ bioremediation treatment. A bench, scale study would be
implemented first to determine the effect of nutrients and
oxygen on contaminated groundwater., If the bench scale study
shows positive results, a pilot study would be conducted with
the ultimate goal of enhancing the selected remedy with an in-
situ groundwater bioremediation system,.

For the treatment of extracted off-property groundwater, the
following five technologies will be evaluated:

Opt ion 2 A:: Cascade Aeration
Option 2B:; Biological Treatment.
Option 2C: Air Stripping
Option 2D: Granular Activated Carbon (GAG)
Option 2E:: Ultraviolet (UV) •••Chemical Oxidation
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The cascade aeration system utilizes a modified pipeline with an
open channel gravity flow section in order to strip the VOCs in
the groundwater . This flow section would create turbulence in
the water and enhance air ••••water contact prior to discharge to
the Yahara River. This open channel segment would promote the
transfer of volatile contaminants to the air. It is expected
that, the cascade aeration system is not as efficient as the air
stripping process evaluated in the treatability study, and would
remove less than 40 percent, of the THF in the off •••property
groundwater . Pretreatment for metals and inorganic sol ids would
be necessary prior to cascade aeration.. Since cascade aeration
has a low removal rate for THF, the treated groundwater using
cascade aeration will not be discharged into the wetlands.,

Off •••property groundwater would be combined with more highly
contaminated groundwater from on site, pretreated to remove
metals and inorganic solids, and then biologically treated to
remove the organic compounds ., If conjoined groundwater
contamination concentrations from both on- and off -property
become too low to support biological growth,, additional
substrate material may be added to maintain optimum biological
activity for contaminant degradation.

Off-property groundwater would f irst foe pretreated to remove
metals and inorganic solids, and then conveyed to a packed-tower
air stripper which uses countercurrent aeration, in which
influent water flows into the top of the tower and cascades
through a packing media, while air is forced upward through the
tower. This allows a transfer of contaminants in the liquid
phase to the gas phase by providing a larger contact surface and
void volume for phase transfer of the contaminants and a
sufficient residence time for the transfer to occur,. The air
stripping could reduce THF contamination by up to 40 percent and
remove other less soluble VOCs by greater amounts, The treated
groundwater using air stripping will not be discharged to
wetlands due to the low removal rate.,

Of f -property groundwater would 1: irst be pretreated to remove
metals and inorganic solids, and then conveyed to the GAG bed,
where contaminants are adsorbed on the carbon. When the
capacity of the carbon is exhausted,, the bed is taken out of
service and the spent carbon, either regenerated or disposed of
in an off-site landfill to meet the Land Disposal Restriction
requirements, Based on the treatability study, the GAG would
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remove up to 99 percent of the contaminants in the groundwater.
However, the main contaminant in the off-property groundwater,
THF, is not readily adsorbable, and will require large
quantities of GAG for complete adsorption,

.ĵ iad̂ oiLjyiiĵ
Chemical oxidation and UV light would be used to destroy VOCs in
the contaminated off-property groundwater„ Chem lea.1 oxIdation
uses strong oxidizing agents to react and destroy organics in
groundwater,. UV light would be used in conjunction with the
oxidizing agents (such as hydrogen peroxide and ozone) to
improve the oxidation process efficiency. The treatability
study for on-property groundwater indicated that data from
vendors show that UV/peroxide oxidation with pre-fiItration was
able to remove THE concentrations as high as 57,000 ug/1. This
technology should remove up to 99 percent, of the contaminants
from the extracted of f-property groundwater., Consequently, this
process will need to be preceded by an inorganics removal
pretreatment process such as air oxidation/precipitation or pH
adjustment to remove metals which could cause scaling on
ultraviolet lamps,

g.f.

U.S. EPA, in consultation with WDNR, will select the off--
property groundwater treatment 'technology from the five
technologic:;; described above .. The selection of the technology
will be based on design in format ion including, but not limited
to , an of f -property pump test ,, of f •••property treatability study ,
and bio-assay test. U.S. EPA will consider the off-property
aquifer characteristics , the surface water discharge limits for
the contaminants of concern for discharge to the Yahara River,
groundwater discharge limits for the contaminants of concern for
discharge to wetlands, and the ability of these technologies to
meet ARARs. After selection of the off •••property groundwater
treatment technology, the U.S.. EPA will issue an explanation of
significant differences (ESD) to inform the public of U.S. EPA's
decision.

The treated on- and off-property groundwater could be discharged
to the Yahara River through an 11,000-foot force main water line
which must, at some point, tunnel beneath the Chicago,
Milwaukee, St. Paul, and Pacific Railroad line which lies
between the Site and the Yahara River.. The cascade aeration
treatment system would replace a segment: of the force main if
that treatment system is selected for off-property groundwater .
The treated groundwater could also be discharged into wetlands.
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The discharge location will be determined after a Site specific
evaluation including an evaluation of the impact of ARARs on the
design of the groundwater extraction and treatment system and
e f £ luent d i s charge 1 imi t s ..

Groundwater will be extracted until the groundwater no longer
attains or exceeds Wisconsin MR 140 PAL standards at the point
of compliance and beyond, Consistent with the exemption
criteria of NR 140. 28, WAC, an alternative concentration limit
(WACL) may be established if it is determined that it is not
technically or economically feasible to achieve the PAL for a
specific substance., The point of compliance shall be the waste
management boundary.,

Discharge of treated groundwater to the Yahara River will be
required to comply with the requirements set forth in a WPDES
permit, since discharge to the Yahara River would be considered
an of f -site discharge .

Discharge of treated groundwater into the wetlands via the
drainage ditch near the southeast corner of the Site or directly
to the wetlands will be required to meet the substantive
requirements of a WPDES permit and shall comply with NR 140, PAL
standards. In addition, the State of Wisconsin also has
policies on protection of wetlands which shall be complied with
for actions affecting wetlands including MR 1.95 and 103 Wis.
Adm. Code,. Impacts to the wetlands will be considered and
minimized, to the extent possible during the design phase of this
remedial action as directed in Executive Order 1.1990.,

The emitted gases produced by waste water treatment system will
be treated to meet State air •••quality standards in accordance
with the Clean. Air Act (CAA) and NR 400 through 499, WAC.

Sli.idge_JJanagemerit

All. residue , sludge ,, and /or spent coagulants /agents from the
treatment of groundwater shall be treated to meet the Land
Disposal Restriction (LDR) standards for F003-F005 wastes prior
to disposal in a Resource Conservation and Recovery Act, (RCRA)
landfill in accordance with the requirements of 40 CFR 268.41.
Spent carbon will be regenerated or treated to meet the LDR
requirements,
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Depending on the se lection of of f -property groundwater treatment
options and the location of discharge of treated groundwater,
the cost, of this alternative will vary,. - The detailed cost.
information is contained in Table 4 . The capital costs range
from $4,396,000 to $6,288,000, annual O&M costs range from
$550,000 to $1, 027, ,000,, and 30 -year total PNW cost ranges from
$ 1 3 , 6 1 2 , 0 0 0 to $ 2 4 , 1 <:i 3 , 0 0 0 .,

IX, _ §I«!y£LĴ

A detailed analysis was performed on the two alternatives using
the nine evaluation criteria in order to select a groundwater
control, remedy. The following is a summary of the comparison of
each alternative's strength and weakness with respect to the
nine evaluation criteria,. These nine criteria are:

1) Overall Protection of Hunan Health and the Environment
2) €oi»i;|:r]L lance with Applicable or Relevant and Appro i;iria.tai

R0q;M ir emen t a ( AMAKs ]i
3 ) Lo>ng-"Term Ef:l!ectivi!ineiEiB and Peniaimence
4) Induction o:l! Tox icily,, liability, or 'Volume tarougn

Treatment
5 ) Short -T(Ei inn Bf f act i vene BE
6) Xmplementability
7) coat
8) State iicceptance
9 ) ConiMiiunity Accisip l:.anc:e

1- J îiLOLLlJi!̂ ^^

Alternative 1, No Action,, will not provide adequate protection
from risks associated with contaminated groundwater . The
private wells located downgradient of the Site might be exposed
in the future,. Therefore, it will not be discussed any further,
since it is not. protective and,, thus,, not an acceptable
alternative. Additional contaminant loading into the aquifer
will, however,, be reduced by implementation of the cap and ISVE
system determined in the ROD of the SCOU.

Alternative 2 provides protection of human health and the
environment, because it includes an extraction and treatment
system to remove and treat the contaminated groundwater from the
aquifer,.

2.

Alternative 2 would comply with all applicable or relevant, and
appropriate federal and state environmental laws .,



TABLE 4
Summary of Cost Estimates for

Hagen Farm GCOU Feasibility Study Alternatives

Alternatve 1: No Action

Capital Coala
Annual Operating Coata
Total Present Net Worth

3! 179, <»0
It ,!i(),0(»
$ 1,025.000

Alternative 2; Extraction, Treatment, and Discharge

Altenriative

Option 2A:
Activated Sludge
Cascade Aeration

Option 2.1):
Activated Sludge

Option 2C:
Activated Sludge
Air-Stripping

Option 2D<:
Activated Sludge
GAG

Option 2E:
Activated Sludge
UV-Chem Ox

Capital Coata
Annual Operating Coala
Total Preaent Net Worth

Capital Costs
Annual Operating Costa
Total Preaent Net Worth

Capital Coats
Annual Operating; Costs
Total Preaent Net Worth

Capital Costa
Annual Operating Costa

Total Present Net Worth

Capital Costa
AniriLial Operating Coata

Total Preaent Net Worth

?±K£
$ 4,,:l%,(]00

$1:3,612,000

16,94 3,000

:J,!!I6,DW
76:5,000'

IH.MS.OOO

5.986,000 '
itftS.MX)

19,491,000

6,288,000

24,163,000

Diacluurge to
Wetjandii

N/A

4,<II:I,OM
IS«.!),0(»

N/A

5,11)1,000
770,000

1 8, .119, 000

5,482,000
1,027,000'

22,790,000

1. Present net worth assumes 30 years of operation, 9% discount rate, and a 5% inflation irate.

2. N/A Indicates; not applicable for ttie alternative: or option.

3. The Alternalive 2 costs include in-situ bioremediation.
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The major groundwater ARARs include the Federal Safe Drinking
Water Act (SDWA) and State Groundwater Quality Standards, NR
140, WAG.,

The major surface water discharge ARARs include Chapter 147
Wisconsin Statutes, NR 102 , 104, 'l05, 106, 108, 200, 207 , 219,
and 220 of MAC.

The major wetland discharge ARARs include NR 1.95, 103, and 140
(PAL Standards) of WAC, and the substantive requirements of a
WPDES permit (Chapter 147 Wisconsin Statutes, NR 102, 104, 105,
106, 108, 200, 207, 219, and 220 of WAC),,

The groundwater wells for the alternatives will be constructed
according to the standards listed in NR 112 and 141, WAC..
Was t ewat er treatment £ ac i 1 i ty standards w 1 1 1 be f ol lowed
according to NR 108, WAC.

Water used for in-situ bioremediation will be treated to achieve
NR 140, PALs prior to re-injection into the aquifer. Any
proposal to re-in j ect treated groundwater enhanced with
nutrients and/ or oxygen must comply with the substantive
requirements of Ch. NR 112, WAC. Feasibility and evaluation
testing of in-situ bioremediation should be evaluated during
implementat ion of the reined ia ,1 act ion .

NR 445, Control of Hazardous Pollutants, is an ARAR for
Alternative 2 ,. Off •••gases generated from the treatment process
should be treated in order to meet NR 445 emission limit
requirements,. In general, NR 400 to 499, WAC (Air Quality
Management) is an ARAR for the emission of off-gas,

A more complete list of ARARs is included in Section XI.

3- JE:!<;L!:!3::::t:!j!rjÔ

Cascade aeration and air stripping may require consideration of
the residual risks due to potential, exposure to the community.
This exposure may occur through inhalation of volatilized
contaminants from the aeration channel and air stripper,
respectively, if they exceed MR 445 standards., Alternative 2
also has a risk component due t.o the residual contamination in
the water being discharged to the Yahara River. The risk due to
the implementation of air stripping may be slightly less than
from cascade aeration because the air stripper is expected to
remove more contaminants than the cascade aeration system.

Potential risks exist for all treatment options due to the
transport , storage , and disposal, of pretreatment and treatment
process residuals which may be hazardous waste,, The level of
risk is approximately proportional to the quantities of waste
generated, The GAC has greater potential risk because it
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generates residuaIs from activated carbon treatment process,
Biological treatment, air. stripping, and uv-chemical oxidation
generate slightly less treatment process residuals., Cascade
aeration generates the smallest volume of potentially hazardous
waste because there might be no pretreatment process for the
water, and the cascade aeration treatment process generates no
residuals.,

There is no difference between the effectiveness of the
institutional controls or the proposed groundwater monitoring
for any of the treatment, options in Alternative 2.

The surface water discharge limits, which will be established by
U.S. EPA in consultation with WDNR, will determine whether the
contaminant removal levels for off-property groundwater
treatment, options, cascade aeration and air stripping, are
adequate. Treatment options such as biological treatment, GAG,
and UV-chemical oxidation should be adequate for treatment, to
the required discharge limits.,

4. BM!Ag;!;;l£̂
Alternative 2 uses a groundwater well extraction network, to
remove contaminated groundwater from the ground and a biological
treatment process to remove organics from the extracted on™
property groundwater. Pretreatment would be included and would
likely consist of a precipitation process to remove inert solids
and metals.,

The amount of hazardous materials extracted from the groundwater
aquifer is the same,, regardless of which treatment option in
Alternative 2 is selected..

The biological treatment system proposed to treat extracted
groundwater from on-property is expected to remove up to 99
percent of the contaminants in the groundwater., Based upon the
treatability study, the cascade aeration system proposed for
off ••••property groundwater is expected to foe less efficient than
air stripping. Cascade aeration is expected to remove less than
40 percent of the THF in the off •••property groundwater. It is
also expected to remove the less™soluble VOCs (e.g., vinyl
chloride) in the contaminated off-property groundwater. The
biological treatment is expected to remove up to 99 percent, of
the contaminants in the off-property groundwater. The air
stripper system is expected to remove up to 40 percent of the
THF and provide even greater reduction of other less-soluble
VOCs in the contaminated groundwater., The GAG treatment system
and the UV™chemical oxidation system is expected to remove up to
99 percent of the contaminants from the extracted off-property
groundwater. Removal efficiencies are based upon the
treatability study, which.- was conducted using on-property
contaminant concentrations. Actual removal efficiencies are
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dependent upon field conditions, and would need to be further
evaluated in the RD phase..

Reduction of hazardous materials through in-situ bi.oremedlat.ion
cannot be estimated at this time.. Evaluations of the
effectiveness of in-situ bioremediation will be made in the in™
situ bioremediation pilot testing phase conducted when the GCOU
extraction system has equilibrated. Prior to conducting the in™
situ bioremedial pilot testing phase,, groundwater injection
should be performed and the system allowed to reach equilibrium.
An evaluation to assess the incremental benefit, attributable to
reinjection without the addition of nutrients and/or oxygen can.
then be made,

Alternative 2 will reduce the toxicity and volume of the
contamination in the aquifer, and limit additional contaminant
mi.grati.oin,.

In™situ bioremediation may increase the rate of in-situ
biodegradation. This potential for increased biodegradation
will be evaluated by feasibility testing in the RA
implementation phase.

The extraction of contaminated groundwater and subsequent
treatment for all treatment options is irreversible. In-situ
biodegradation reactions for the treatment of organic compounds;
is also irreversible,

In-situ bioremediation has the potential to reduce groundwater
concentrations below those achievable by extraction alone.
However, same, residual contaminants are expected to remain under
any extraction or in-situ treatment method.,

The pretreatment system and biological treatment system for on™
property groundwater treatment wi 11 produce an estimated 55 0
pounds per day of metal and inorganic residuals, which may be
hazardous,. The biological treatment system is expected to
produce an estimated 170 pounds per day of potentially hazardous
sludges due to inclusion of the off-property groundwater in the
treatment process. The air stripping system, GAC, and uv-
chemical oxidation are each expected, to produce an additional
estimated 200 pounds per day of potentially hazardous sludges.,
Sludge generation rates are based on sludge generation data
gathered in the treatability study. GAC is also estimated to
produce 75 pounds per day of spent carbon from the GAC process..

All Alternative 2 options will reduce the inherent hazards posed
by the groundwater contamination at the Site to risk levels
considered protective of human health and the environment
through groundwater extraction and treatment.
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Activated sludge biological treatment, would utilize the ability
of certain bacteria to break: down organic compounds into carbon
dioxide and water. Cascade aeration and air stripping involve
the transfer of volatile contain inants to the air. The
contaminants in the off-gas could be adsorbed in the carbon and
treated if spent carbon is regenerated. Regeneration usually
involves heating the carbon to very high temperature in a kiln
to desorb the contaminant!:; ,. The described contaminants can then
be incinerated,. GAC utilizes the adsorption process in which
molecules in an aqueous solution adhere to the surface of a
solid. The contaminants which adhered in the surface of a
carbon bed can be treated through a regeneration process. UV
oxidation involves the use of UV radiation in conjunction with
one or more oxidising agents, usually ozone or hydrogen
peroxide , to chemically destroy organic contaminants . Ozone and
hydrogen peroxide are both strong oxidizing agents that can
chemically break down organic compounds,, In the presence of UV
radiation, the effectiveness of these oxidizing agents is
dr amati cal ly i ncreased .

s.
Risks to the community from Alternative 2 are due to the off--
site transport of sludges and treatment residues generated by
the pretrea tment and/ or treatment processes for each treatment
option. The level of risk is approximately proportional to the
quantities of wastes generated.

Alternative 2 should cause no additional risks to workers beyond
normal, risks associated with construction, provided that a
Health and Safety Plan is developed and followed,.

The disturbance of the wetlands due to monitoring and extraction
well construction could occur during the construction of
Alternative 2, depending upon well locations. Wetlands may also
be damaged during winter months by ice buildup from continual.
water discharges to wetlands from the treatment of the
bio logica 1 system , GAC ,, or UV- chemical oxidation ,. Such damage
should not occur if preventative measures such as intermittent
pumping or engineered control systems (e.g., stilling basins)
are employed. Such damage could be avoided entirely if treated
wastewater is discharged to the Yahara River instead of the
wetlands,. These potential impacts to the wetlands will be
evaluated during the RD phase and will be minimized,.

For Alternative 2 , the time required to achieve the RA
objectives is limited by the extraction technology, as described
in Alternative 2 . Remediation times are described in terms of
advective flushing times. The effects of retardation and
dispersion are not accounted for in the groundwater remediation
time estimates. Advection flushing time is between 10 and 15
years for Alternative 2. The addition of in-situ bioremediation
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may decrease the remediation time to between 5 and 10 years,
Actual, cleanup time will likely be substantially longer due to
the effects of retardation and dispersion, although these
effects may be offset by the degradation stimulated by in-situ
bioremediation.

6-
The extraction well network for Alternative 2 is readily
implementable .

The technologies required to implement the treatment system for
Alternative 2 and its off-site treatment option are readily
available , although the biological treatment system requires a
start-up period before it reaches the optimum operating
efficiency., If intermittent pumping is required to reduce
impacts to the wetlands, operation of a biological treatment
system will be difficult to control, However,, intermittent
pumping of individual wells should be possible without causing
oper at i ona 1. pr ofo 1 ems .

A testing and evaluation period is needed to determine if in--
situ bioremediation is technically feasible before full -scale
implementation. The biological treatment system which reduces
contaminant levels to required discharge levels may require
niodifi.cati.ons as groundwater contaminant levels decrease over
time. All off -property treatment options may require a pilot
scale test to establish operation parameters of treatment
technology.

Discharge standards to the Yahara River need to be determined
before it will be known whether treatment options, such as
cascade aeration or air stripping, meet surface water discharge
standards.

Alternative 2 requires additional materials and services .
However, these materials are expected to be readily available..
If shown to be feasible, in-situ bioremediation utilizes
materials and services available from the consulting and
environmental services communities..

7 . Cost

The cost of each alternative is summarized in Table 4.

s.
The WDNR concurs with the selection of Alternative 2 on the
condition that the WDNE determines , at the time the proposed
treatment design is finalised, that the effluent, discharge
limits and discharge location (including any reinjection of
enhanced groundwater which is proposed) are acceptable to the
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WDNR and are in compliance with the effluent discharge limit
requirements of Chapters NR 102, 104, 105, 106, 108, 200, 207,
219 and 220, WAC, Ch NR 140, WAG, PAL Standards, the wetlands
protection in Ch NR 103 WAC,, and the applicable air quality
standards in Chs NR 400 to 499, WAC.

The specific comments received, and U.S. EPA's responses are
outlined in the attached Responsiveness Summary .

X _ IHE_SELECIEB_BEMEBX
As provided in CERCLA and the NCP, and based upon the evaluation
of the RI/FS and the nine criteria, U.S. EPA, in consultation
with the WDNR,, has selected Alternative 2 as the groundwater
control remedial action at the Hagen Farm Site.

• Institutional controls would include on-proper ty land and
on- and off-property groundwater use restrictions in the
form of existing deed restrictions to the extent necessary
to implement and protect the remedy, and to safeguard human
health and the environment during implementation of the
remedy. The cooperation of local agencies would be
required to limit future off ••••property use of groundwater if
the Respondents are unable to obtain deed restrictions from
affected property owners., A fence shall be installed
around the treatment facility system in order to prevent
public access.

«' Additional monitoring will be conducted in the selected on™
and off ••-property monitoring wells and all of the private
wells located around the Site, including but not limited
to, the wells located on the properties of Fosdohl, Lee,
Van Deusen, Sundby, Sundby Sand and Gravel, K-Way
Insulation , Gullickson , Quani, Stoughton Conservation Club,
Sagmoen , and G j ert son .

• Extracted groundwater from on- and off-property would be
pretreated for the removal of metals and inorganic solids.,

• On-property groundwater will be extracted until the
groundwater at the waste management boundary and beyond
(area of attainment) no longer attains or exceeds
Wisconsin NR 140 PAL standards,, and treated using an
activated sludge biological system., All residue and/or
sludge shall be treated as appropriate to meet the LDR
standards for F003-F005 wastes and shall be placed in a
RCRA landfill in accordance with the requirement of 40 CFR
268.41.
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Off-property groundwater wi11 be extracted unti1 the
groundwater within the area of attainment no longer attains
or exceeds Wisconsin NR 140 PAL standards and treated
using an appropriate treatment technology. Treatment
technologies such as cascade aeration,, activated sludge,
air stripping,, GAC, or UV-oxidation shall be evaluated
during the RD stage., Based on the off-property pump test,
bioassay test, BAT requirements, surface water discharge
limits, and other related factors, the technology will foe
selected for off •••property groundwater treatment. The
emitted gases will foe treated to meet State air •••quality
standards of NR 445, WAC,, All residue, sludge, and/or
spent coagulants shall be treated as appropriate to meet
the LDR standards for F003-F005 wastes and shall be placed
in a RCRA landfill in accordance with the requirement of 40
CFR 268.41. The spent carbon could be regenerated or
treated to meet. LDR requirements prior to land disposal.,

A bench scale study will be conducted to examine the
feasibility of injecting the treated on-property
groundwater into the on-property aquifer in order to
enhance in-situ bioremediation. Nutrients and/or oxygen
would be added in order to promote the natural microbial
degradation of organic compounds.. The study will be
designed to determine the optimum amounts of nutrients to
be added to the aquifer, and the amount of groundwater to
be injected. If determined to be feasible, a pilot study
would be implemented with the ultimate goal, of enhancing
the selected remedy with a full scale in-situ groundwater
bioremediation system., The discharge limit of MR 140,, PAL
standards shall, be met in order to inject treated
groundwater into the on-property aquifer.

The treated groundwater will foe discharged to the Yahara
River or nearby wetlands. Discharge of treated groundwater
into the wetlands via the drainage ditch near the southeast,
corner of the Site or directly to the wetlands should meet.
the substantive requirements of a WPDES permit and shall
comply with NR 140, PAL standards,. In addition, the State
of Wisconsin also has policies on protection of wetlands
which shall foe complied with for actions affecting wetlands
including MR 1.95 and :i.o::i, Wis.. A dm. Code,. Impacts to the
wetlands will be considered and minimized to the extent,
possible during the design phase of this remedial action as
directed in Executive Order 11990,, Discharge of treated
groundwater to the Yahara River will be required to comply
with the requirements set forth in a WPDES permit, since
discharge to the Yahara River would be considered an off-
site discharge.,
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X;L,
The selected remedy must satisfy the requirements of Section 1.21
of CERCLA to:

a. protect human health and environment;
!:>,. comply with ARARs;
c. be cost effective;
d . utilize permanent solutions and alternate treatment

technologies to the maximum extent practicable; and,,
e., satisfy the preference for treatment as a principal

element of the remedy or document in the ROD why the
preference for treatment was not satisfied.,

The implementation of Alternative 2 at the Site satisfies the
requirements of CERCLA, as detailed below::

a. BO2:!;;j[ll<;̂ ^

This selected remedy will provide adequate protection of human
health and the environment through treatment .

Risk: posed by groundwater contamination will be reduced and
controlled by the operation of a groundwater extraction and
treatment system . Access restrictions wi 1 1 prevent direct
contact with contaminated groundwater until groundwater cleanup
standard!;; are met .

No unacceptable short-term risks will be caused by
implementation of the remedy. Standard safety programs, such as
fencing , use of protective equipment, monitoring,, and off ••••gas
treatment , should mitigate any short-term risks . Short-term
risks include exposure of site workers and the community to
VOCs, and to noise nuisance during implementation of the
groundwater remedy ,. Ambient air monitoring would be conducted
and appropriate safety measures would be taken if contaminants
were emitted.

The selected remedy complies with all Federal and State
environmental requirements that are legally applicable or
relevant and appropriate. The major Federal, and State ARARs for
the selected remedial alternative for the GCOU are listed below.

A) Federal ARARs

i , Groundwater

Relevant and appropriate requirements for
groundwater i nc 1 ud e primary dr i nk :L ng water
standards established, by the federal SDWA.
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Several contaminants of concern identified at the
Site have Maximum Contaminants Level (MCLs) ,,
proposed MCLs and/or Maximum Contaminant Level.
Goals (MCLGs) . MCLs are relevant and appropriate
to circumstances at the Site,, since the aquifers
are current, and potential sources of drinking
water,. MCLGs are relevant, and appropriate when
the standard is set. at. a level greater than zero
(for non-carcinogen) .,

The NCP 40 C.F.R. 300 et seg. provides that
groundwater cleanup standards should generally be
attained throughout, the contaminant, plume or at
and beyond the edge of the waste management area
when waste is left in place,. At. the Hagen Farm
Site, groundwater quality Standards shall be
attained at and beyond the edge of the waste
management area (i. e <, , at the edge of the
landfill cap) since waste has been left, in place..
This is considered the area of attainment.

ii,. Surface Water Discharge

Surface water quality standards for the
protection of human health and aquatic life were
developed under Section 304 of the Clean Water
Act (CWA) ., The Federal. Ambient Water Quality
Criteria (AWQC) are nonenforceable guidelines
that set pollutant concentration Limits to
protect surface waters that are applicable to
point, source discharges, such as from industrial
or municipal wastewater streams.

National Pollutant. Discharge Elimination (40 CFR
Part 125); includes best available technology.

1. i i Vet 1. a nd s D i schar ge

Executive Order 11990, 40 CFR 6.. 302 (a) -••
Protection of Wetlands •••• is applicable for this
site if the discharge of treated groundwater is
to the wetlands,.

i.v. Sludges

All sludges, residues,, spent carbon,, and/or spent
coagulants produced from groundwater and off-gas
treatment will be treated to LDR standards for
F003-F005 waste prior to disposal, at a RCRA
landfill in accordance with the requirement of 40
CFR 268.41. If testing determines that waste
sludge generated from the activated sludge
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biological system is not hazardous, the waste
sludge could foe disposed of by on-Site
landspreading or off--Site landfill ing. Residues
such as spent carbon from the treatment of
groundwater which are regenerated must be treated
in a unit in compliance with 40 CFR Part 2(54
Subpart X. Federal ARAR 40 CFR Part 261 - Land
Disposal Restrictions shall also be complied
with.

The sludge is not expected to contain metals at
concentrations above characteristic levels, If,
a ft er test :i. ng by the Tox i c i ty Char a c t er i s t i c
Leaching Procedure (TCLP), it is determined that
the sludge is characteristic for metals, it will
foe treated to render it non hazardous,

v. Air Emissions

National. Primary and Secondary Ambient Air
Quality Standards (40 CFR Part 50)

National Emissions Standards for Has:ardous Air
Pollutants (40 CFR Part 61)

B) State ARARS

i. Groundwater

The State of Wisconsin is authorized to
a did.ni ster the imp1ementation o f the Federa1
SDWA. The State has also promulgated groundwater
quality standards in NR 140 Wis. Ada. Code,
which, according to WDNR, is being consistently
applied to all facilities, practices, and
activities which are regulated by WDNR and which
may affect groundwater quality in the State.
Chapter 160, Wis. Stats., directs WDNR to take
action to prevent the continuing release of
contaminants at levels exceeding standards at the
point of standards application (point of
compliance). PALs and Enforcement Standards
(ESs), have been promulgated in NR 140, Wis. Adm.
Code. PALs are the groundwater cleanup standards
under NR 140. PALs are generally more stringent
than corresponding Federal standards and,
therefore,, are ARARs for the Hagen Farm Site.

Consistent with the exemption criteria of NR
140,,28, Wis,. Adm. Code, U.S. EPA may establish a
Wisconsin Alternative Concentration Limit (WACL) ,
if, based on Site-specific monitoring data
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gathered before and after implementation of the
selected groundwater remedy, U.S. EPA determines
that it is not technically and economically
feasible to achieve the PALs for a specific
substance., Except. where the background
concentration of a compound exceeds the ES, and
consistent with the criteria in MR 140. 28(4) (B) ,
the WACL that is established may not exceed the
ES for that compound,.

The implementation of the selected remedy at-the
Site will be in compliance with NR 140, wis. Adm.
Code, in. that PALs will be met unless WACLs are
established pursuant to the criteria in MR
140.28, Wis. Adm. Code, in which case the WACLs
will be met. These standards will be met in
accordance with the NCP at and beyond the edge of
the waste management area,.

Groundwater Monitoring and Recovery Wel1
requirements include NR 112, NR 141, NR 508,, wis.
Adm. Code. Groundwater monitoring wells will be
installed in accordance with MR 141, Wis. Adm,.
Code,. Extraction and injection wells will be
installed and operated in accordance with Ch. MR
112, Wis,, Adm. Code,.

Wastewater treatment faci1ity wi11 followed
according to NR 108, WAC.

In order to re inject, the treated groundwater into
the on-property aquifer PALs under NR 1.40, WAC
shall be achieved.

ii. Surface Water Discharge

A WPDES permit must be obtained before treated
groundwater can be discharged to the Yahara
River. Discharge to the Yahara River would be
considered an of f ••• s ite discharge.

The substantive requirements of WPDES for
discharge of wastewater (treated groundwater) to
the land and/or surface waters; effluent limits;
discharge permits; sampling/testing methods is
regulated by Ch. 147, Statutes •- Wastewater
Management Programs and Chs. NR 102, 104, 105,
10(5/108,, 200,' 207,, 219, and 2:20, WAC Surface
Water Discharge Regulations (WPDES) ., These
requirements are all applicable to the discharge
of treated groundwater to the Yahara River. Ch.
NR 220, WAC, requires that the effluent, limits be
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based on the application of best available
technology (BAT) prior to discharge. The State
has promulgated Wisconsin Water Qual ity Standards
and Criteria (WWQC) under Chapters NR 102 and
105, WAC, and the procedures for calculating the
toxic effluent, limits under ch. NR 106, 'WAC,
based on the Federal AWQC developed by U.S. EPA.
NR 102, 104 and 207 WAC also apply in determining
water quality based 1 limits.

i i i Wetlands Discharge

Discharge of treated groundwater to the on-site
ditch or adjacent to the wetlands should meet the
substantive requirements of a WPDES permit and
shall comply with Ch. NR 140, PAL standards.
In addition, ch. MR 1.95, WAC - Wetlands
Preservation, Protection, and Management and Ch.
NR. 103 ••• Water Quality Standards for Wetlands
are applicable for this site if treated
groundwater is discharged to the wetlands.

vi. Air Emissions

The emitted gases produced by waste water
treatment system(s) will be treated to meet State
air-quality standards in accordance with the
Clean Air Act (CAA) and NR 400 through. 499, WAC.

v. Miscellaneous State ARARs

• Discharge structures or other structures in a
navigable water (Chapter 30, wis. Adm. Code)

«' Ch. NR 27, WAC, the State Endangered and
Threatened Species Act and Ch. NR 29, WAC, the
State Fish and Game Act. are State endangered
resource laws which protect against the
'"taking" or harming of endangered or
threatened wildlife resources in the area.
These would be applicable to the remedial
action in that the poisoning of endangered or
threatened species by site contaminants could
be considered by the WDNR to foe a '"taking"1.

C) "To be Considered1" Requirements

CERCLA Off •••site Policy. (May 12, 1986), Revised November
13, 19187, OSWER DIR. 9834.11 i

'"Interim Policy for Promoting the In-State and On-Site
Management of Hazardous Wastes in the State of Wisconsin"
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provides a prioritization outline for the treatment and
disposal of hazardous wastes and is "to-be-considered" for
the site. If out™ of •••state treatment and/ or disposal for
the generated sludges is determined, the written
docunien.tat.ion of how the waste management strategy and the
eight evaluation criteria were applied shall be submitted
to the WDNR for review and approval.

Cost effectiveness compares the effectiveness of an alternative
in proportion to its cost of providing environmental benefits.
Table 4 lists the costs associated with the implementation of
the remedies,.

The selected remedy is cost effective because it provides a high
degree of overall, effectiveness proportional to its costs. The
estimated cost of the selected remedy is comparable with the
other alternatives and assures a high degree of certainty that
the remedy will be effective in the long-term due to the
significant, reduction of the toxicity of the contaminants in
groundwater.

__ of __ Perjiiaji£n£ __ Solutions __ and __ Alternative.

U.S.. EPA believes that the selected remedy represents the
maximum extent to which permanent solutions and treatment
technologies can be utilized in a cost-effective manner for the
RA at the Site. Treatment of contaminated groundwater will
significantly reduce the hazards posed by the contaminated
groundwater at the Site. The groundwater will be restored to
the acceptable level to protect public health and the
environment. U.S. EPA has determined that the selected remedy
provides the best balance of tradeoffs in terms of long-term
effectiveness and permanence , reduction of toxicity, mobility or
volume through treatment, short-term effectiveness,
implementability , cost , and State and community acceptance.

E. EElLfj&E^

The selected remedy for the Site satisfies the statutory
preference four treatment as a principal element through
treatment of the contaminants in the groundwater. Treatment of
the on-property groundwater contaminants using an activated
biological sludge system will result in a significant reduction
of contaminants in the groundwater. Treatment: of the off-
property contaminants us ing the technology selected during the
RD stage will result in a significant reduction of contaminant
toxicity in the of f -property groundwater .



RESFOBrSIVENESB SUMMARY
FOR TEE RECORD OF DECISION

FOR THE HAGEM FARM
GROUKDWATER CONTROL OPERABLE TOI'IT

The United States Environmental Protection Agency (U.S. EPA)
held a public continent period from June l through July 31, 1992, for
interested parties to comment on the Proposed Plan for remediating
contamination problems in the Groundwater Control. Operable Unit
("GCOU") at the Hagen Farm Site (the "Site") in Dunkirk Township,
Wisconsin. Comments were also taken on the documents in the
administrative record, including the Remedial Investigation/
Feasibility Study (RI/FS) for the GCOU. The required public
meeting on June 11, 1.992,, focused, on the results of the GCOU FS and
the U.S. EPA recommended alternative as presented in the Proposed
Plan fact sheet:,. The public comment period was held in accordance
with Section 117 of the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) as amended,

The purpose of the Responsiveness Summary is to document U.S.
EPA"s responses, in consultation with Wisconsin Department of
Natural Resources (WDNR), to comments received during the public
comment period and public meeting., These comments were considered
prior to selection of the final remedy for the GCOU at the Site,
which is detailed in the Record of Decision (ROD).

BACKGROUND DM COMMUNITY XNVOL.VEMENT

U.S. EPA is responsible for conducting community relations
program for this Site. A Community Relations Plan (CRP) was
established by U.S. EPA for the Site in July 1988., It established
a process to develop two-way flow of project, information between
local officials, concerned citizens, the media, WDNR and U.S. EPA.,
Two information repositories were established in the community —
Stoughton City Library, and Klongland Realty., Several different
press releases and fact sheets were issued to announce field
activities and findings of the RI and FS activities., A public
meeting was held on July 14, 1988, at the start of the RI/FS to
explain the investigation that was about to begin,. Another public
meeting to present the findings of the RI/FS and the Proposed Plan
for the GCOU was held on June 11, 1992., Community relations
activities are summarized in the ROD.



PUBLIC MEETXHO

The public meeting on the Proposed Plan for the Hagen Farm
GCOU was held at 7:00 p.m. on June 11, 1992, at the Dunkirk Town
Hall, County Trunk Highway N near Stoughton, Wisconsin,
Approximate ly 1 5 persons attended , inc lading loca 1 res idents and
representatives of the PRPs. Representatives of U.S. EPA and the
WDNR presented information concerning the RI, the FS, and the
Proposed Plan and responded to questions from individuals attending
the meeting. Oral public comments were accepted during the
meeting. A transcript of that meeting including the oral public
comments, was prepared by a court reporter in attendance., Copies
of the transcript are available at the two Site information
repositories. No oral comments were received from the public
during the public meeting,,

The f ol lowing presents comments received from Waste Management
of Wisconsin (WMWIJ during the public comment period, and U.S.
EPA's responses to those comments. WMWI is one of two Potentially
Responsible Parties (PRPs),, No other comments were received from
the general public .

The comments from WMWI were in the form of correspondence
submitted to U.S. EPA during the public comment period. U.S. EPA
summarized each issue raised by WMWI and, where appropriate,
information and statements presented by WMWI with the comments to
support the issue ,. The original unsummar ized correspondence
submitted by WMWI can be found in the Administrative Record.,

WMWI comments that the requirement for immediate implementation of
a groundwater pump and treat system is not being applied
consistently throughout the State of Wisconsin as well as
throughout Region V. WMWI asserts that they should not be
subjected to a higher standard of remediation than municipally
owned or operated NPL sites, such as the Stoughton City Landfill.
The ROD and subsequent Scope of Work (SOW) for the RD/RA phase
should parallel the Stoughton city ROD ' s approach., Specifically ,
technical decisions should be put on hold for source area
groundwater until the questions on the downgradient contaminant
plume can be fully characterized.,

In addition, WMWI comments that the timing of the implementation of
pump and treat systems are being applied on an ad hoc basis,. WMWI
feels this is arbitrary and capricious and is inconsistent with the
NCP. WMWI asserts that the EPA and WDNR should reevaluate the
requirement, for immediate groundwater extraction and treatment
system at the Hagen Farm Site.



SUPPORTING STATEMENTS:

Stoughton City Landfill has similar contaminants to Hagen Farm and
has significantly more potential receptors, but the Stoughton City
Landfill ROD allows a grace period of 12 months after effective
date of ROD to establish if pump and treat (P&T) is necessary. P&T
will be necessary at Stoughton City Landfill if any monitoring well
indicates the attainment or exceedance of an Enforcement Standard
(ES). WMWI feels that U.S. EPA and WDNR have based their decision
to implement a "contingency"1 ROD based on economical analysis of
incremental risk reduction., WMWI states that the approach applied
at Stoughton City Landfill is similar to that proposed by WMWI in
the submittal of the Hagen Farm Draft Feasibility Study,, WMWI
feels that approving an approach similar to the Stoughton City
Landfill, such as that proposed in the Draft FS, U.S. EPA could
maintain consistency in their approach to the requirement, for
implementation of groundwater extraction and treatment systems. In
addition, deferral, of implementation of an immediate groundwater
extraction and treatment, system would allow an interim period to
assess the effectiveness of the source control remedy and its
impact on groundwater,. During the interim period WMWI could also
collect groundwater monitoring data that would allow for a more
accurate model to predict contaminant levels and migration.

BEfiUfiSSfil
U., I-!, EPA dees not believe it appropriate to postpone the
inipleigiiiaxitatioB of a groundwater pump and treat system at the Eagen
Farm liliie. Although the commenter believe® that by postponing the
active remediation of the groundwater the U.S., EPA could study the
impact of the source control remedy on the groundwater,, and conduct
studies and modeling on contaminant movement., U.s. EPA does not
believe this to be inn appropriate action. Although it is expected
there will be a reduction in the future release of contaminants to
the groundwater as the result of the implementation of source
control measures,, these measures are not adequate to clean up
groundwater contamination to its beneficial, use within a time frame
that is reasonable. The groundwater contanimsition has migrated! a
significant distance from the site (approximately 3600 feet
downgradient from the Site) and requires active implementation of
a gxmindwater pump and treat system,. The decision made by the 0,8.
EPA to require immediate implementation of a groundwater pump and
treat system is fully consistent with CERCLA Section. 104 (a) (l) and
as described in the iifCP. First and lE'oremost, congress tasked U.S.
EPA to respond to releases of hazardous contain:i.nants in order to
protect human health and the environment, U.S. EPA is not holding
WMWI to a "higher standard of remediation than municipally owned or
operated NPL sites,"" Rather, U.S. EPA is carrying out the
requirement s of the law to protect human health and the
environment, The baseline risk assessment provides the basis for
deteniiining whether remedial action is necessary and the
justification for performing remedial actions to protect human



health and the environment,, If contaminants of concern are listed
in the basaline risk assessment as contributing to excess cancer
risk out aide an acceptable range oil 1 :K: :i.O"' to 1 x 10"'' or have a
halliard, index ratio greater than one,, then remedial action is
warranted,, These criteria ara provided in sect ion. 300.430(e) (2) of
the MOP,, The lElagen, Fann baseline risk assessment listed excess
cancer riiEik as high as 2 x 10"3 and a hassard index ratio as high as
6,000. These values are outside the acceptable NCP values..
Therefore, remedial action and compliance with pertinent ARAHs
under federal, exitviromnental laws or more stringent state
e:iwironmental laws is necessary,

Based, on. Information obtained during the Rlr and on careful
analysis of all remedial alternatives„ 0,8,, EPA has concluded that
the groundwater extraction and treatment component of the selected
remedy has a high probability of success in. terms of effectively
withdrawing and removing contamination from the groundwater at the
Hagain. Fan Site. Therefore,, U.S., EPA concludes that there is
enough data to decide that groundwater extraction is necessary and
appropriate for on- and off••••property groundwater and that the
information which is presented in the Final FS is appropriate.

Additional data collected from off •••property grcundwater during the
MB Fhase will be sufficient for a decision on a treatinLent
technology for that contaminated groundwater,. 0.. 8. EPA believes
that a delay in iniaking a decision at the Hagen Fan Bite would not
be a prudent or reiEiponiEiible decision... A delay in the Agency"s
decision may result in further degradation of the aquifer's quality
and nay increase overall costs of a remedy. Seldom is the
contamination problem less than what is discovered during the
RI/Fl-i,. In fact,, in moiEit cases, based on Agency experience„ the
contamination problems become more complex and severe over time.
The grcundwater contamination at the Hagen Fann Elite is very high,
exceeding MCLs and/or State Enforcement Standards for organic
conipo'undiEi such as beniisisine, ethylbenzene,. tetrahYdrof'i;iranJP toluene,
:n:y lanes,, and vinyl chloride. The highest exceedance was
tetra'hydrofurani. which was detected at a inLa:»:ii»ium concentration of
(>:•!§,, 000 ug/1. Tatrahydrofuran alone exceeded the State Enforcement
Standard of ISO ug/1 by 12ir<SOO> tines.

U.S. E\?A doaisi not believe that it is appropriate to apply the
rationale used for selection of a groundwater remedy at the
Stoughton Landfill in selecting the remedy for the Hagen Farm Site,
The Stougnton city Landfill Site needs further characteriasation of
the nature and extent of contaminated groundwater, both vertically
and horizontally; hence the :i.2 month decision postponement. As
stated above, enough information on the nature and extent of
contamination at the Hagen. Farm Site exists to support an Agency
decision that groundwater extraction is an appropriate remedial
technology. In addition,, the two sites are not comparable,



Indeed « as WMWZ admitted in trying to establish a similarity
between the sites, the strongest statement that could Ibe made was
that the "...Hagen Fan site,, has contaminants similar to
!•! tonight on City Landfill. „ .". JO. though many sites may appear
similar to the Hagen Farm. Site, without a thorough examination oil:
all of the site specific factors (i.e., geology ,, hydrogeology, and
contaminants) it is dif ficult to determine an inconsistency in the
application of environiiental reguiremeBts,.

Overall f WMW:I:"S argument for a postponement of 12 months at the
Hagen Farm Sit a is not based OB the technical comparisons such as
the type or concentration of contaminant present, but OB
consistency with another site. The only two technical, arguments
preseBted are:: l) the treatment option conipatibility between off™
and on-site (property) groundwater, and 2) the choice of a
compliance point. Agaia, neither of these argumeBts are based
technically on the type and concentration of contamination at the
EageB Farm Site, but are based on a question of consistency with
the stoughton city Landfill or other sites.

TOCffl has charged that U.S.. EPA based its deciiEiion at the Sto>ughton
Landfill to implement a "contingency" ROD OB an economical analysis
of incremental risk reduction... This allegation is net true. On
the contrary,, U.S.. EPA based its decision,, ia significant part, on
the fact that the extent of grouBdwater contamination was not fully
character i zed . It was i-sxpectecl that the additional groundwater
characterisKation activities would be completed within one year of
ROD signature, thus the 12 month postponement of the extraction
coimponent of the remedy, In addition,, WOVI stated that in the
Stouighton ROD the U.S. EPA determined ''treatment of the principle
threat was not found to be practicable,"11 However,, this statement
found in the Stoughton ROD refers to treatment of the actual waste
material in the !•! tough ton Landfill, not the groundwater.

WMWI asserts that it is highly unlikely that the aquifer at the
Hagen Farm Site can be restored to PALs or ESs, as established in
NR 140 .10, in a reasonable or even practicable time frame using
groundwater extraction , even though groundwater extract ion is the
Best Available Technology (BAT) to mitigate the effects of
groundwater contamination. WMWI states that at this time there
exists no factual or credible evidence to support the belief or
claim that the groundwater at the point of compliance selected by
WDNR (the waste boundary) can be returned to its beneficial use as
drinking water via the groundwater extraction remedial, technology ,
Further, to require remediation of the aquifer to unachievable
levels will only increase the length and cost of the cleanup, well
beyond the point of diminishing returns,. Therefore, WMWI asserts
that U.S. EPA should issue an ARAR waiver for the applicability of
the NR 140 .10 and the Point of Compliance Applicability at the
limits of the waste, based on the grounds of technical



inpractibility pursuant to 40 CFR 330.430(f) (1) (ii) (c) (3), as
authorized by 40 CFR 3 00 .120. WiMWI states that ACLs consistent
with NR 1.40,28 and the protocol for establishing those levels
should be developed during the preparation of the RD/RA SOW and
subsequent Work Plans. WMWI wishes EPA to, at. a minimum and in
accordance with its own internal Memorandum on Groundwater
treatment dated October 18, 1989, indicate in the ROD for the Hag en
Farm site that information gained during the implementation of the
groundwater remedy may reveal that it is technically impractical to
achieve health based concentration standards throughout the area of
attainment,,

SUPPORTING STATEMENTS:

WMWI cited a memorandum dated February 10, 1992 to William Reilly,
U.S. EPA Administrator from Don Clay, Assistant. Administrator, U.S.
EPA,, acknowledging the shortcomings of current groundwater
r e ;rn ed i a t i. o n t e ch n o I, ogy ..

also cited recent studies which conclude that the
effectiveness of extracting groundwater for the purposes of aquifer
restoration is effective in containing contaminant migration and
reducing contaminant mass, but is ineffective for restoring aquifer
water quality within predictable time frames for highly
contaminated sites,

WMWI listed site specific factors which could generally limit the
effectiveness of groundwater extraction including:

* Moderate adsorption of contaminants (e.g. , 1, 2-dichloroethene)
which would take several times longer to purge than low adsorption
constituents.

* Numerous hydrogeologic heterogeneities that will tend to isolate
some of the adsorbed contaminants from the extraction zone.

* Ineffectiveness of pumping wells to capture immobilized
contaminants in the vadose and capillary zones immediately beneath
the landfill., The contaminants in the vadose and capillary zones
can become a secondary source.,

* There has been no evidence of the presence of DNAPLs revealed
during the course of the RI. However, it must be recognized that
such evidence may not become readily apparent until the extraction
system has been operating for an extended period of time,

BEfiEQHBfii.
Based on IB format ion obtained during the RI, and on careful
analysis of all remedial alternatives, U.S. EPA concludes that the
groundwat ,er attraction a:nd traatniiEiBt component o:!: the selected
remedy has a high probability of success in tens of effectively



withdrawing and ramoving contamination from the groundwater at the
Eagen Fan Site/ especially THF. THF is completely miscible in
water and is able to travel throughout the aquifer with negligible
retardation effects, In addition,,, there is no evidence to
demonstrate that a gxoundwater pump and treat system CjiuiLnpt restore
tha aquifer at the Hagan Fan Bite to Wisconsin health based
standards„ even at the point of compliance, For these reasons,,
extraction and restoration of tha plume in the aquifer is expected
to be technically feasible. It follows then that an MAR waiver
for technical impractibility would not be appropriate. Tha
technical iupractibility waiver nay be invoked when either of tha
foil.lowing spec ifi.c oriteria are mat:

" J;!l!!i!;r;i::!l!:!:!:[;!;:ii:.!;LE3[...J!!:!:ii!!J:!.ii:̂!lJ!:.;i:ĴS!;' The: currant engineering methods
necessary to construct and Maintain an alternative that
will meet the KRAR cannot reasonably be implemented.,

" iJliii!!!Mli|£<> The potential for the alternative to
continue to be protective into the future is low,, either
because the continued reliability of technical and
institutional, controls is doubtful, or because of
inordinate maintenance costs,

U..8. EPA does recognize the recant studies cited by WMWX concerning
the effectiveness of groundwater extraction and a possible trend in
the inaffectiveness of groundwater pump and treat tachnologias to
restore atpiifer water quality within predictable time frunes.,
U.S. EPA also recognises a guidance iiiienorandum ,, "Considaxrations in
Ground Water Remed iation at Superf und 8 ites"" 08WER Directive
9355.4-03, dated October :i.8, 1 !l89/P assessing the effectiveness of
nineteen operating groundwater extraction systems in achiaving
specified goals., The inenorandujEn explained that ground water
extraction was effective in containing plumes and achieving
significant mass removal of contaminants. However,, in many cases
(not......alj.|i , contaminant concentral:ions did not decrease 1 inaarly
over time to reach desired remediation goals. After significant
initial decreases„ concentrations typically leveled off,, often at
concentrations higher than the cleanup levels. In addition, WWW I
cites other studies which came to a similar conclusion, These
cases are site-specif ic and may involve many variables quite
different from the Hagen Farm site. Not a.1.1 cases demonstrated the
inability to achieve specified goals, Again, there is no evidence
to demonstrate that a groundwater pump and treat system cannot
restore the aquifer at the Hagen Fan, Site to health based
standards,, The ability to achieve cleanup goals at all points
throughout the area of attainment,, or plume,, cannot be determined
until the extraction system has been implemented,, modified as
necessary,,, and plume response monitored over time. This includes
the area in the immediate vicinity of the containiinants" source,,
where concentrations are relatively high, Therefore/ u,8. E\?A
continues to believe that clean-up standards are achievable until



a
the system, during operation,, demonstrates otherwise,. U. i-i .. EPA
has coBsidered language in the internal Meiiiorinnduiii, OB Groundvater
dated October :i.B,, 1989, for the ROD. Therefore, as allowed for
under ME 140, the U.S., EPA shall provide text in the ROD as
follows:

Consistent with the exemption criteria of NR 1410.28, wis. Adm.
Cods, U., 1:1,. EPA nay establish a Wisconsin ;tUL tentative
Concentration Limit (WACL) , if , based on Site- specific
monitoring data gathered before and after implementation of
the selected grouBdwatar remedy,, U.S. EPA deteniiBes that it
is not technically aBd economically feasible to achieve the
MIX HI for a specific substaBoe. Eacoept whera the backgro'UBd
cciciouiBtration of a oioimpouBd exceeds tha E8r aBd co:ns;ii.!«i taunt
with tha criteria in NR 1<II0. 2& I -I ) (B) , the Ad, that is
astaBliiEihed may not excaed the ES for that compound,

U., I-I. EPA disagraeiEi that the protocol iEihould be astablished during
the HOW preparation ..

is concerned that iniodarata adsorption of coBtiioiiiBants aBd
Bumierous hydro gisiologic hetaroganeities could 1 limit the
affectiveBasjEi of groundwater axtraotiom. The sita )Eipecif:i.c factors
preseBted Ibj iKimi do not provide stroBg enough rationale to itrapport
a deoisioB to Bot imp lament a groundwater pump aBd treat systania or
fcr an KRMt. waiver baeed on technical iniprincticability., To kxsigin
with,, U., I:!, EPA disagraes with IMWX's interpretation of the moderate
adiEiorptioB of contisiminants at the lEIagen Farm site. The RI
describee tha aguifer material as a sand and gravel matrix,. The
potential for attanuation/adsorptioB of orgaBic contaniiinant!-! within
a saBd aBd gravel, deposit is low. Sinnd aBd gravels typically have
low orgaBic matter content which is not conducive to organic
comipoiuBd adsorption within the soil/water matri:n:.i In addition,, the
the on-property ground winter orgaBic and inorganic compouBds of
pote:ntial concarB are ranJcad as ralati'trely soluJble in water aBd
mobile „ with the exception of BET! coiinpouBds ,. The primary off-
property coBtanidBaBt of po>tent:l.al conoern is TEF. TH:I?' is
cointpletelY miscible in water and is able to travel throughout the
aquifer with negligible retardation effects., Due to the high
nobility of the contaminants at the Eagen Farm Site, the potential
for contaminant migration in grouBdwater appears to be relativelf
high. Therefore,, groundwater oontaimination is eKpacted to be
extracted relatively efficiently,, BTE1 co>inipounds are expected l::o
be less mobile than other compouBds at the site, but the effects of
attenuation will remain uncertain until the ground water pump and
treat system is in operation,. The specific example WMWX cited as
a moderately adsorbed constituent was l ,, 2 -dichloroet hane . U ., s . EPA
disagraes with this character i :sat ion . 1 ,, 2 -dichl o roe I: hene has
organic carboB (KIM.;| and octanol water (l!Ew]i distribution
coefficients of 59 aad :-l.02 respectively , aad a solubility of iSBOO
mg/1 at 25" C., Compounds with KI9I. values ranging from SO to :i.!>0 and



KI]W values lasts than 5 are considered mobile to very mobile and have
a low degree of adsorption (Dragun, 1988) « A compound with a
solubility of 6300 itig/1 in general is considered very soluble.
Effects from any helt:e:n:>geneities at the site have yet to be
determined! „ If heterogeneities factors do limit the ef f act iveness
of groundwater extraction, their significance ca:n only be
determined during the actual operation of the pump and treat
system,

WMWI is concerned that pump ing wells may be ineffective in
capturing imobiliiiied contaminants in the vadose and capillary
!i:ones immediately beneath the landfill.. U. £!„ EPA notes rain's
concern,, However,, the first phase of the cleanup plan at the Magen
Fan Sit i3i(, referred to as the Source Control Operable Unit (SCOU),
addressed remediation of contamination in the landfill and in the
sub-waste soils ( vadose zone ) iminiediat e ly beneath the land I! i 1 1 .,
The cleanup plan for the SCOU involved capping the landfill and
operating an in-situ vapor extraction (ISVE) unit. The landfill
cap iis expected to be effective in preventing the leaching of
contaniiinantiEi from the waste mass and the vadose zone to the
groundlwater via infiltration of precipitation, The ISV'E is a
system designed to renove contaminant :EI from the sub-waiEite soiliEi
(¥ado>se z 01:11=1) and from the groundwater near the water table which
would include the capillary fringe (zone). Therefore,, this concern
appears to lack relevance at the Hagen Farm site.

U.S. E\?A notes WHlf:i:"s comcern over the DNAPL issue . However,, based
on the results of the EX,, U.S., E]?A does not believe DNAPL 's exist
at the site,, However,, HOD text which was presented earlier in this
response can be used to address the l:ij[iiitatio>ns of an extraction
system due to the presence of a DNAPL.,

WMWI comments that U.S. EPA and WDNE appear to have arbitrarily
assigned the limits of waste as the point of compliance for the
Hagen Farm Site with little regard to recent precedent, within
Region V and the State of Wisconsin which dictates the property
boundary and/or design management zone (DHZ) as the correct point
of compliance. WMWI requests that U.S. EPA and WDN1R establish a
point of compliance application consistent, with NR 140., 22 for the
Hagen Farm site.

SUPPORTING STATEMENTS:

WMWI cites numerous RODs throughout the country that have selected
varying locations as points of compliance. Some points include the
boundary of the landfill property, the landfill, property boundary
with performance monitoring to foe located downgradient but beyond



119

the zone of influence of the extraction wells, slightly
downgradient of the landfill itself, facility property line, and
the DM2! or the property boundary whichever is closer to the waste
boundary.,

BEfiEflH&fil
Tie U.S. EPA has been consistent in applying HOP section
300. 430 (f) (5) > (ill) (A) . Tae u.S EPA, through the HOP, astabliiEihad
the waste imaBagemeBt boundary as tba point where remediation levels
generally slluli ba achieved at Superfund l!!:l.l:.ee,. Once !-ita,ndarde are
net at tba waste lEanageiiiisBt boundary, tba U.S. EPA believee
protectlveneae has been achieved for tba painway of concern., The
NCF a 1 Iowa that tbe specific location of tba point of compliance
could vary from site to sit a based OB siti-i -specific: conditioBs,
U.S. EFA belia^es it to be appropriate aBd naeeiEisary to apply tne
point of ooiipliaBoe at tba waste nanagainient bouBdary for the
following reasons . First r at tltue Hageici Farm Site,, tba surf icial
aquifer aBd bisidrock are hydraulically coicinaetad and potential
exists for contaminants to ba drawn from tba upper aquifer into tba
lower aquifer., Given tfaiiEi scenario,, U.i-!,. EPA believes that tba
most conservative point of conpl iaaoe ( tbe waste inaBagsigoien t
bouiBdlarY) is Beoeasary to linit tba impact of the tipper aquifar on
tba lower aquifer., Secondly,, for Buparfund rasponse actions in
WiscoxiaiB being conducted in accordance with the NCP, tin© goal is
to reduce groiundwater concaBtrations tbrougboiuit tbe aquif er (s) t, so
that FlliS are not attaiiciad or exceeded. If waste :i:si to be left in-
place at tba coBClusion of a response action, NR :i.-liO isitandards
i;i.,e,/p FlliS) iEibould not be attained or exceeded at tba waate
MaBagament boundary aad beyond .,

HMWI comments that the technology selection for on-property
groundwater treatment should be made after an analysis of the off-
property groundwater . Use of biological treatment for the on-
property groundwater may be practical only if the off-property
groundwater is treated separately from the on •••property groundwater.
if the off •-property groundwater can best be treated in a combined
stream with the on-property groundwater , biological treatment may
not be a compatible technology,. The dilution caused by the
addition of the off-property groundwater may disrupt and
potentially inhibit the effectiveness of the bacteria critical to
the successful appl ication of the activated s ludge technology
specified for the on-property groundwater ,

BlfiEQH&fii.
U..&. EFA believes tbat a delay in making a decision at tbe Hagen
Fan I-! it® to determine if off -property groundwater can beet be
treated in, a combined atrean with tba on-property groundwatar would
not be a prudent or responsible decision. A delay in tbe Agency "e
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decision may result IB further degradation oil: the aquifer's quality
and nay increase overall costs of a remedy, Use of biological
treatment for the on-property groundwater has been proven to be
technically implement able and coat affective, IB addition., U.S.
EPA does not believe that selection of the on-property treatnteBt
tecBBology is dependent OB selection of tine off-property tram I: men I:.
technology,,

U.S. EPA would consider "other comparable technology" only if
additional information and proposals developed in investigation of
title off -property plume clearly document s that effluent quality and
percent pollutant removal would be equal to or better than current
wmz pro j eo t ions for bio log! cal trea tment (with pr a treatment for
metals), U.S. EPA has selected the biological treatment option
based on lifflWZ projections of effluent quality based on treatability
studies. Please note that ""other comparable technology1" does not
include air stripping as discussed in WMffX's comments on a
cost/beBef it analysis.

WMWI requests that WDNR, when developing final surface water
discharge limits for the Hagen Farm Site, give careful
consideration to developing realistic, consistent,, economically
achievable standards with full understanding that the protocols
used to develop the Hagen discharge limits must be consistently
applied to other industrial and municipal discharges throughout the
State.

U.B., EPA recognirces that at CERGIA sites where technology-based
controls are no I:; adequate to achieve water quality standards in the
receiving water body or no water quality standards have been
established (i.e. , THE] ,, numerica:]. and/ or narrative standards must
be developed which are site specific,. However! U.K. EPA must
emphasize that the goal of the discharge standard is to ensure that
s'UbstaBtive requirements for discharge to surface waters are met in
order to maintain the chemical ,, physical „ and biological integrity
of the receiving water body. U.S. EPA also recognizes thai:
technology based limits must be developed carefully.. Therefore,.
CI.8. EPA shall take the most conservative approach to achieve that
goal .

Additional comments on specific WMWii: concerns are presented below:

" The example cost benefit analysis presented in Waste
Management " s comments is not accepted as valid since air
stripping technology is not an acceptable treatment
technology based on projected low pollutant removals fup
to 40% THE in the example) and projected high effluent
concentrations.
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WDHE notes that the "general"1 permit for discharge of
treated cointaiidlnated groundwater does not apply to all
groimdwater remedial action pro j ects. A more restrictive
specific il'DES permit is required if water quality based
limits and requirements ara more restrictive than limits
im the "general" permit or at the dis-ioration of the
DapisirtiiiKEiMt., Therefore, the use of the gamer a 1 permit for
appropriate LOI-IT discharge:!! does not preo lude impl icat ion
of more restrictive discharge limits., Generally, many
LOOT cases involve relatively minor remediation^ and low
discharge volumes in comparison to iinore comiplex superfiiiBd
remediatioiKis,, MefereBce to the Model E¥A parin.it for
discharges from the oleaicrup of gasoline released from
uEd erg round storage tanks will verify that the Department
selected the least restrictive of the BTE1 limits in
EFA"s model penult which were recommended for the smaller
reiiedliations (ie.̂  gas stations,, etc.) for the '"general1"
pernit, It is notable that Em"s Model OTDES permit
recomniehded more restrictive limits of 5 ug/L for BensKene
and 100 ug/L for total ETEX as well as bioinionitoring for
more significant gasoline cleanups.

Background surface water quality must toe accounted for in
tne development of water quality based limits in
accordance with Wis., Stats., and Administrative codes
referenced above,

Chapter N.R 140,, Wis, AdJinin. code (WAC) „ groundwater
standards FMiS are not specified as limits for discharges
to surface water., Hovever,, efilflviient limits for
discharges to surface water developed in accordance with
Chapter :i.4i7 Wis, stats, and m. 102, I0i3ir id'i, loiii, and
:;!07,, WAC,, may be more or less restrictive than MR JUG
PJlLLs depending on site specific consideration and
pellutants being evaluated., Technology based discharge
linits and regfuirements specified in accordance with NR
;i!20jr lilAC,, may also be more restrictive than KR 140 FALs,
If there is any component of a surface water discharge to
groundwater „ the more restrictive of NE 1410 FlliS,, surf ace
water quality based linits or technology based
requirenents are applicable, as is the case for discharge
to the drainage ditch adjacent to the Site, Reference to
example discharge limit HI in Table 1 of Waste Management's
comments illustrates this for several, pollutants,

asserts that the risk estimates presented in the Baseline KA,
which were prepared in accordance with U.S. EPA methodologies and
specifications, do not reflect the true or reasonable estimates of
site risks,. WHWI maintains that risk estimates prepared under

fifiHIIBIX&i



current. U.S. EPA risk assessment guidance are inflated, thus
unnecessarily alarming the publ i.c and diverting attention from
other more important environmental problems. Furthermore, WMWI
suggests that U.S. EPA should consider using the results of a
report, entitled "'Alternative Methodology Risk Assessment of the
Groundwater Ingestion Pathway at the Hagen Farm Landfill" in
selecting an appropriate remedy for the Site. This report was
submitted with WMWI comments. WMWI feels that the methodologies in
that report more accurately depict and quantify the risks at the
Hagen Farm. Site as compared to U.S. EPA's approach., WMWI suggests
that the report supports the conclusion that more than likely no
adverse health effects would be expected from the Site if the
groundwater were to be consumed as a drinking water supply.,

SUPPORTING STATEMENTS::

* WMWI asserts that the Region V policy has not been authorized by
U.S. EPA Headquarters,, and, in fact, is inconsistent with current
U.S.. EPA national Superfund risk assessment guidance, and U.S..
EPA" s proposed exposure-related measurement and final exposure
assessment guidelines., WMWI quotes U.S., EPA "Risk Assessment
Guidance for Superfund, Volume I, Human Evaluation Manual
(EPA/540/1-89/002, December 1989)" (p. G19) . ,. .assuming long-term
contact with the maximum concentration is not responsible. WMWI
asserts that this is precisely the effect of following the Region
V policy, which WMWI asserts uses an implausible worst-case
analysis as the only level of analysis.

* WMWI presented quotes from U.S. EPA "Proposed Guidelines for
Exposure-related Measurements1" (53 Federa_l_Eeaister 48830,, December
2,'1988) as follows:

A legitimate use of worst, case scenarios is to determine
if the exposure or risk is low enough even at this extreme so as to
dismiss concern for this scenario. It is not legitimate to use a
worst-case scenario to prove that there in fact exists a concern in
a. real population..

- If the exposure or risk value estimated by a worst-case
scenario is high enough to cause concern, the assessor must
reevaluate the parameters used and perform reality checks before
deciding a. problem really exists.

* WMWI presented a quote from U.S. EPA "Guidelines for Exposure
Assessment." (57 Fe^eral_RgaisteE 22888,, May 29,1992) as follows::

- ... ., the only thing the bounding estimate can establish is a
level to eliminate pathways from further consideration. It cannot.
be used to make a determination that a pathway is significant,.,.
and it certainly cannot be used for an estimate of actual
exposure. . ,.
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EEfiEQHSfii.
The: methods used in the U.S. EPA "Risk Assessment Guidance for
Supsrfund,, Volume :i:,, Human Evaluation Manual"1 to calculate risks at
the Bite have beaB developed by the U.S. EPA. U.S. EPA
acfcBOWledgaisi that the assumptions used in our risk assessments are
con se:rira dive, The assumptions are designed to be reasonable and
not worst case. The assumptions ara conservative because the
Sup isir fund program has always designed its remedies to be protective
of all iBdividuals a:Bd environmental receptors that nay be exposed
at a site; consequently, U.S. EPA believes it is important to
include all reaisionalbly expected exposures in its risk assessment,.
Again, U.IEI, EPA believes the assumptions used, in the guidance
refarancadi abova to calculata risliics are reasoBable and necessary to
detariiiiBa whether action to be taken needs to be taken at a site :i.n
order to adequately protect hwnaB Itnealth aad the eBviroBment, The
risk assessment guidance referenced above is desigaed to focus the
assessment on more realistic exposures. U.S., EP1. has adopted these
positions aad policies and las act revised the regulation.. IB
addition,, the U.S. E1E>A guidance states that if good data
identifying the center of the plume do not exist,, modeling is not
per:l!ooiisdir and the collection of additioBal samples is precluded,,
generally the well with the overall highest concentration of
contaminants of concern should be used as the exposure point
conceBtration. At the HageB Farm site, the well with the overall
highest concent xatio>n of contaniiBants of concern was used as the
e:»:posure point concentration, This is reasonable and does not
constitute a worst case or '"inflated1" risk because it is not likely
that under these conditions the true highest contaminant
conceBtration has been detected in samp 1 ing „

The Eiiuiaa Health Evaluation Manual fully supports the Regional
guidance as shown on page 6-27,, "Selection of the locationfsji used
to evaluate future groundwater exposures should be made in
COM ul tat ion with the RFM,. "" Also,, Headquarter e expects the Regions
to deteniiine the appropriate exposure area for use in calculating
the expo sur e point concert trat ion ,. Other Regions have adopted
s iLiiiii lar guidance .,

U. I:!.. EPA acknowledges the results from the report entitled
""Alternative Methodology Risk Assessment of the Groundwater
lagestioB Pathway at the Eagen Farai Landfill1" subniitted to U.I3,.
EPA,. However,, U. l:l. EF1 believes that using the results of the
report,, as suggested, 'by '\\nmi,, would not be appropriate for
deteriiiiining whether remedial action is warranted at this Superfund
Site. With respect to risk assessments, U,,S. EFî  is obligated to
follow Agency policy as opposed to recommendations or suggestions
from PRPs or outside sources in order to ooBsistently carry out the
requirements of CERCLA. Therefore,, U,, S. EPA will continue to use
the results of the Risk Assessment developed for Eagen Farm under
U.B.. EFA guidance to justify the need to take remedial action at
the Site,,



Second bullet under paragraph "'Remedial Action Goals" (page 6,
RGCP) states that the goal of the remedy selection process is "to
restore groundwater on and off-property so that contaminant levels
meet state groundwater standards.," WMWI comments that the
affected groundwater on the property is not a source of drinking
water and, according to NR 112.08, installation of private wells is
restricted within 1,200 feet of the landfill,. Additionally,,
property deed restrictions which are currently recorded will
prohibit construction of on-property drinking water wells. The FS
cited as a remedial action objective goal to "reduce the
groundwater contamination beneath the Site to a technically
feasible level producing acceptable health risk levels,, and to
attain compliance, where_]pj::i sj-i j. ]b l.e,, with identified Federal and
State ARAKS'". WMWI asserts that the restoration goal as described
by U.S. EPA in the RGCP may be misleading to the public. WMWI
requests that U.S. EPA acknowledge the low likelihood of complete
groundwater restoration to WDNR groundwater standards as described
by the RGCP.

fififiEQHBEi.

U.S. EPA reaffirms its goal a si stated in the RGCP (:i.,,®.,,,
restoration of the aquifer on-proper ty) for the following reasons:

• Although mwx is correct in stating that MR :i.:i.:;>., 08 allows
for restriction OB installation of private wells within
1,200 feet of a landfill, it should i:>e noted that zoning
cannot guarantee that no wells will be allowed in tine
area in the future. Because the state has the ability to
grant variances under Section NR 112 „ 43 from supply well
restrictions, future prohibitioB of the use of the
groundwater for drinking water purposes by the state
cannot be guaranteed,

• According to the MOP Section 300,430(a)(3)(ii),
institutional controls may be used as a suppleiaenl: to
engineering controls over time,, but should not be
substituted for active response measures as the sole
remedy unless active response measures are not
practicable. If it could be demonstrated that the
aquifer will cleanse itself within a reasonable period of
time,, U.S. EPA could possibly consider that as a viable
option,. However,, natural cleansing is not expected to
occur within a reasonable period of time at the Hagen
Farm Site.

U.S.. EPA acknowledges WMIFX's concern over the likelihood of
complete groundwater restoration to WDNR groundwater standards and
that the restoration goal as described in the RGC1E' may be
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nods lead ing to the public,, As stated earlier,, U.S. EPA is confident
that the groundwater extraction and treatment component of the
selected remedy would have a high probability of success in terms
of effectively withdrawing and removing contamination from the
groiandwater at the Hagen Farm Bite to WDNR groixndwater standards ,
However « U.S. E\?A will inform the public if , after operation,, it is
determined that it is not technically feasible to meet MAEs,.

'WMWI feels that further clarification of Section 4 "Reduction in
Toxicity, Mobility, or Volume Through Treatment" (page 7, RGCP) is
required., The paragraph states "Alternative 2 would increase the
rate of cleanup by using micro-organisms injected into the
groundwater to help treat the contaminants into chemicals that are
not harmful." It should be noted that Alternative 2, since it will
accelerate cleanup,, will not necessarily operate for 30 years as it
is traditionally assumed ,.

BEfiESHBEi
U.S. EPA interprets the comment regarding the necessity for
clarification as involving the cleanup time frame., Therefore,, U.S.,
EPA acknowledges WMVX • s comment and notes that by using micro-1
organ isms in , j ected into the groundwater to acoeler ate <:: lean up ,,
Alternative 2 may net necessarily operate for 30 years as it is
assumed for costing purposes .,

fiSHHEKEi.
WMWI states that the section "Compliance with ARARS" (page 7, RGCP)
is misleading as written, WMWI asserts that U.S. EPA's
representation that the remedy will meet all AKARs is misleading.
The Draft Final Feasibility Study contained text discussing the
potential future need for development of ACLs and/or a NR 140 ARM!.
waiver based upon technical impractabil ity from an engineer ing
perspective. This text was included in the draft, final Feasibility
Study as required by the National Contingency Plan (NCP) for sites
where it is recognized that the remedy may not meet ARARS., WMWI
states that the NCP requires that, the potential for an ARAR waiver
be identified in the Feasibility Study and be summarized in the
Proposed Plan when it is released by the U.S. EPA.

BEfiEQHSEl
Based on inlEforiEation obtained during the Ml,, and on careful
analysis of all remedial alternatives,, U,. S, Em, is confident that
the groundwater extraction! and treatment component of the selected
reiiDLSdy wculd have a high probability of success in terms of
effectively withdrawing and removing contamination from the
groundwater at the Hagen Farm Site. In addition,, there is no
evidence to demonstrate that a groundwater pump and treat system
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restore the aquifer at the Hagen Farm Elite to Wisconsin MR
140 standards 4> even at the point of compliance. For these ram sen HI,,
extract ion and restoration of the plume in the aquifer is expected
to be technica .lly feasible ..

The ability to achieve cleanup goals at all. points throughout the
area of attainment, or plume,, cannot be determined until the
extraction system has been implemented,, modified as necessary,, and
plume response monitored over time. This includes the area in the
immediate vicinity of the contaminants • source , vrhere
concent rat ions are relatively high,. 'Therefore, U.S. EPA will
continue to believe that clean-up standards are achievable until
the system,,, during opera t ion,, demo nstr ates ot herwi s e ., 1:1! during
operation it is determined that it is not technically and
economically feasible to achieve the PALs for a specific substance
an Alternative Concentration Limit i(AC:L]i , may be established by
U.S. EPA. Language reflecting this option shall be provided in the
text of the ROD."

SSSMMSBSJ.
WMWI feels that the in-situ vapor extraction system (ISVE)
discussed on page 4 of the RGCP is inaccurate with respect to the
proposed installation at. Hagen Farm. Air injection is not
appropriate for the Hagen Farm Site and as such,, is not being
considered, Therefore, WMWI requests that U.S. EPA correct this
statement, on the RGCP ,.

fififiEfiB&El
i:i,,E. EPA recognises the inaccuracy in the EGCP concerning the
statement about air injection,. Air injection wae not coniEiidered,
The statement should read,, '"The I£I¥E system works toy removing
volatile chemicals in the unsaturated waste/ sub-sol Is without
excavation,, The process moves air through the Was te/sub- soils Bear
hydrocarbon contamination using a vacuum, pump ,, '"'

In reference to the discussion on page 5 of the RGCP concerning
drinking groundwater from the immediate vicinity of the site,, WMWI
states that it should be noted that all private wells
have been abandoned according to state regulations and are no
longer available as drinking water supplies ,.

U.S. EFA recognl.ze!:i HIMWI ' !-i statement and hereby notes that all
private wells on -property have been abandoned according to state
regulations and are no> longer available ae drinking water supplies.,
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State Of Wisconsin \ DEPARTMENT OF II AT URAL RESOURCES
101 South Webstar Stm&t

Bw 7921
Mad/son, Wisconsin $37®7

SUPERFUND/SOUD WASTE FAX 00*287-2768
TELEPHONE 008-288-2021

September 28, 1992

Mr. Vail das; V., Adamkus, Administrator
U.S. ERA Region V
77 W. Jackson
Chicago, 111 60604

SUBJECT:

Dear Mr. Adankus:

Concurrence on The Selected Groundwater Control Remedy,,
Hagen Farm Site, Town of Dunkirk,, Dane Co., MI

The Department is providing you with this letter to document our concurrence
with the remedy selected for the groundwater control operable unit at the
Hagen Farm Super-fund site,, The proposed groundwater remedy, as outlined in
the June, 199!': Proposed Plain, will address tine contaminated groundwater both
on and off site, and is considered the final remedy for the groundwater at the
site., The selected remedy is alternative 2, which includes:

* Groundwater use restrictions in the foinnm of deed restriction:; to the extent
necessary to implement and protect the remedy;

* Installation of a fence around the treatment system;;

* Additional monitoring to determine the depth and extent of off-site
contaiiinatiion;

* A series of groundwater extraction wells both on and off-site designed to
actively restore the groundwater in both areas;

* Pretreatment of all extracted groundwater for the removal of metals and
iinorganic solids;

* Treatment of the on--site extracted groundwater in an activated sludge
biological treatment facility constructed at the llageiri Farms site;;

* A bench scale study examining the feasibility of Injecting the treated on-
siite groundwater into the aquifer below the site ini order to enhance in-situ
bioremediatlon;

* Treatment of off-site extracted groundwater using an appropriate treatment
technology. This technology has not yet been determined but options include
cascade aeration,, activated sludge, air si:ripping,, granular activated carbon
(GAC) or UV--oxidation;
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*' Treatment of residue, sludge, and/or spent coagulates to meet land disposal
requirements, followed by disposal in a RCRA landfill; and

* Discharge of all treated groundwater to the Yahara River or nearby
wetlands;,,

The range of costs for the selected remedy are estimated to be as follows:

Capital Cost $ 4,396,000 - $6,288,000
Annual O&M 1st year 1! 550,,COO - $ 1 „0152,000
Total Present Worth $ 13,612,000 - $ 24,163,000
listim,iit(id time to implement 30+ Years

Though the Department concurs with the selection of this remedy,, UDNR
concur re mce is based upon the understanding that at the time the proposed
treatment design is finalized, the effluent discharge limits and discharge
location (including any re i inject ion of enhanced groundwater which is proposed)
are acceptable to the WONR and are in compliance with the effluent discharge
liunit requirements of Chapiters NR 10;!!,, 105, 106, 207 and 220, the wetlands
protection in Clh NR 1.0:1, and the applicable air quality standards in Chs NR
400 to 499,, MAC. Our concurrence is also conditioned on EFA"s supplementation
of that portion of the administrative record that pertains to off-site
groundwater extraction and treatment with all documents submitted by the WDNR
ini the future dealing with off--site groundwater extraction and treatment, in
accordance with 40 CFR 300.825(a)(!)'. In addition, the Department recommends
that the potential to discharge to a municipal sewerage system be further
investigated during the remedial design.

We understand that if the potentially responsible parties (PRPs) do not agree
to fund the remedy, it w i l l be necessary for the State of Wisconsin to
contribute 10% of the remedial action costs associated with the actions and
10% of the O&M costs for the first 10 years of groundwater extraction and
treatment., In addition,, if the PRPs do not agree to fund the CAM, the State
of Wii scons In will meed to contribute 10% of all other O&M costs; for the first
year and provide for all O&M after that, provided that no changes to the
National Contingency Plan are made that would require an alternative cost
allocation. We provide assurance of the State's willingness to provide this
required state cost share on the assumption that U, S. I-PA will pursue all
feasible enforcement actions against the PRPs prior to expending the Fund at
the site,

We understand that if the Fund is expended to conduct the remedy and if
hazardous waste needing disposal is required to be managed off-site as part of
the remedy,, that the State of Wisconsin w i l l be required to provide the
assurances for hazardous waste management in Si40 CFR 300.510(d) and (e) of the
National Contingency Plan, The assurances; are that a compliant, hazardous
waste facility is avail able, and that facility's use is consistent with our
approved Capacity Assurance Plan., In addition,, the Department recommends that;
am analysis and a finding be made during, remedial design on whether hazardous
wastes can be managed in-state and on-site, to the extent practicable.,
Hazardous waste residuals may be generated by the pretreatment of extracted
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groundwater prior to treatment,, and sludge gem; rated during the treatment of
groundwater may constitute! hazardous waste,.
Me also understand that our staff will continue to work In close consul tat ion
with your staff during the pre-deslgn, design and construction phases of the
remedy.
Thank you for your support and cooperation in addressing the contamination
problem at: the Hagen Farm site. Should you have any questions regard ing this
matter,, please contact Jam: Lemcke, Super fund Remedial Unit Leader,, at (608)
267-0554.

C. [»„ Hfeiadny
Secretary

cc: Lyman Wyble - AD/5
Li India Meyer - LC/5
Paul Diiclier - SM/3
Mike Schmoller - SO
Mary Pat Tyson - U. S. ERA Region V, 5HS/11
Mark Glesfeldt - SH/3
Jairie Lemclke - SW/3
Paul Kozol - SW/3
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Scope of Work for
The Remedial DesigB and Remedial Action Work Plain.

at tlti.ni EagiiiB Farm Bite,, Groundvater Control Operable Unit
Stoughton, Wisconsin

Tho purpose of the Scope of Work (SOW) is to fully implement
the Hagen Fan Site (the Site) Groundwater Control Operable Unit
Record of Decision (ROD) which the United states Enviroraaental
Protection Agency (U.S. EPA) issued on September 3d, 1992 to
select a remedial action for the Groundwater Control. Operable
Unit ., In designing , imp lenient ing and subm itt ing deli verables f or
the remedial, action at the Hagen Farm Site,, the Respondent shall
follow this SOW, the U.S. EPA" Super fund Remedial Design and
Remedial Action Guidance, the ROD, the approved Remedial. Design
(RD) Work: Plan, Remedial Action (RA)i Work Plan, any additional
guidance provided by U.S. EPA, and the provisions of the
Administrative Order.

II.
A.

Two operable unit!:! have been defined for the Site.. The
Site is defined as the area within the Hagen Farm property
boundary and the contaminant plume. Operable Unit I,, which is
the Source Control Operable Unit (SCOU) , is intended to address
waste refuse and sub-surface soils at the disposal areas. The
ROD for Operable Unit II, which is the Groundwater Control
Operable Unit (GCOU) , is intended to address the contaminated
groundwater at the Site. This SOW details the work that is
required in connection with the GCOU..

The major components of the remedial action for the GCOU
that, shall be designed and implemented by the Respondent
are the following :: Groundwater extraction ; on-property
groundwater treatment with an Activated Biological Sludge System;
off •-property groundwater treatment with a technology consistent
with the results of work: conducted during design as selected by
U.S. EPA; and discharge of treated groundwater to either the
wetland or Yahara River as determined by U.S. EPA, On-property
groundwater is defined as contaminated groundwater on and in the
immediate vicinity of the main waste disposal area. Off '-property
groundwater is defined as contaminated groundwater at any
Location within the plume other than in the area defined as on-
property groundwater .. The Respondent is required to initiate
and/or accomplish these remedial actions within the time periods
specified herein and are required to submit reports as identified
in Section III below.



The performance standards and specifications of the major
components of the remedial, action for the GCOU,, which shall be
designed and implemented by the Respondent are:

The Respondent shall, install and maintain fencing
surrounding the on-property area from the edge of the disposal
area to Trunk Highway A (CTH fa) f as well as the off -property
areas where treatment facilities are located in order to reduce
risks which may be posed to public health due to construction
activities or exposure to hazardous chemicals during the cleanup
process and also to protect treatment equipment from vandalism.,
The fence shall, consist of a six-foot high chain link perimeter
fence topped with three- strand barbed wire,. The fence shall
enclose all extraction wells and treatment facilities, and shall
be equipped with a double locking swing gate at the entrance to
the access road, Standard Super fund warning signs shall be
posted at. 200-foot intervals along the fence, or at least one
warning sign on each side of a fenced in area with intervals less
than 200 feet, and on the gate within fifteen (IS) days after the
completion of the fence. The warning signs shall advise that the
area is hazardous due to chemicals in the groundwater which pose
a risk to public health. The signs shall also provide a
telephone number to callers for further information. The
Respondent shall promptly take necessary steps to protect against
vandalism at the Site and to minimize and repair any vandalism toi
the fence or other security measures., The Respondent shall.
inspect and maintain the fence to assure that the fence is intact
and unbreached „ The Respondent shall, describe fence inspection
and maintenance in the Operation and Maintenance Plan., After the
Respondent receive no>t:i.ce of Certification of Completion under
paragraph 93 of the Administrative Order, the Respondent may
petition U.S.. EPA for modification of the requirements of this
paragraph.,

The Respondent shall design and implement a groundwater
monitoring program . The dlei-i ign of the groundwater monitoring
program shall be subject to Ills, EPA approval., The program shall
be designed to detect changes in the chemical concentration of
all contaminants in the groundwater , and to demonstrate the
effectiveness of the Groundwat er Extraction , Collect ion ,
Treatment , and. Discharge System ( Groundwater Extract ion System)
described in Section li. B. 2.b. , including , but. not limited to,,
the effectiveness of the system to protect, the private wells
located around the Site and in achieving the cleanup standards
set: forth in Section II.B.2.b. ,(16) , below. The groundwater



monitoring program shall include collection and field and
laboratory analysis of samples from the monitoring wells and
private wells, as set forth in more detail in Section II.B.Z.a,
below,

(1) Groundwater Monitoring Plan

The Respondent shall submit to U.S. EVA, for approval by U.S.
EPA, a Groundwater Monitoring Plan (GMP) which complies with Una
requirements of paragraph!-! li.B.2.a. (2) through I I.E. 2., a. (6)
below and a Quality Assurance Project Plan (QAPP) . The GMP shall
at a minimum include a schedule for the duration and frequency of
sampling activity, the location of wells to be sampled! the
method of sampling and analysis, the frequency and methodology
for obtaining static water elevations,, and the compounds to be
analyzed. The Respondent shall implement the sampling and
testing required under the GMP after U.S. EPA approval of the GMP
and QAPP., The GMP and QAPP shall, be submitted with the RD Work
Plan.

(2 ]i Additional Wells/Monitoring Locations

The Respondent shall obtain static water elevation measurements,
and shall collect and analyze groundwater samples from wells
specified in the approved GMP. The monitoring wells to foe
sampled pursuant to the GMP shall include, at a minimum, the
wells located at the Site and installed at the properties
surrounding the Site during the Remedial Investigation (HI) of
the SCOU, the wells installed to determine background levels,
wells installed during the RI/FS for the GCOU, any additional
wells installed during the RD/RA, and the private wells located
around the Site. The private wells to be sampled include,, but
are not limited to,, the wells located on the following
properties: Sundby, K-Way Insulation, Sundby Sand and Gravel,
GuiU. ickson, Fosdohl, Lee, Van Deusen,, Quam, Stoughton
Conservation Club,, Sagmoen, and Gjertson assuming access to these
wells is provided by the owners,.

If U.S. EPA determines that the groundwater monitoring program is
inadequate to detect changes in the chemical concentration in
groundwater, or to determine the effectiveness of the Groundvater
Eictraction System, U.S. EFA. may require, by written notification
to the Respondent, additional, groundwater monitoring wells. If
U.S., EPA detaniines that the groundvrnter monitoring program is
inadequate to detect changes in the chemical concentrations in
private wells located around the Site, the U.S. EPA may require,
by written notification to the Respondent, additional private
wells to be sampled.,



If, during the sampling activities of private wells,, unusual
pheniDDiena or data are encountered,, including, but not limited to,,
high or low pH or conductivity, or strange smell, the Respondent
shall, inform U.S.. EPA immediately.

(3) Sampling Frequency

After approval of the GMP, groundwater monitoring wells
designated in the GMP in accordance with paragraphs II.B.2.a.(1)
and (2) above, shall be measured for static: water level
elevations and sampled by the Respondent.. The Respondent shall
perform the field and, laboratory analysis as set forth in the GMP
approved by U.S., EPA.

Monitoring wells shall be sampled and static water levels
obtained, during the operation of the Groundwater Extraction
System., The frequency of sampling shall be set fourth in the GMP.
At a minimum,, however,, monitoring wells shall be sampled on a
quarterly basis for the first three years of operation.
Thereafter, each monitoring well shall be sampled on a quarterly
basis until U.S, EPA allows semi-annual sampling of each such
well based on a deternination that such frequency is sufficient
•to demonstrate! the effectiveness of the Groundwater Extraction
System. The private wells located around the Site shall be
sampled on an annual basis during the operation of the
Groundvater Extraction System., Physicai monitoring (static water
elevation) shall be performed at a frequency sufficient to
demonstrate the effectiveness of the Groundwater Extraction
System,, The Respondent at a minimum shall, measure the water
level on a monthly basis for the first year, every other month
for the second year, and quarterly thereafter., The Respondent
shall perform the field and laboratory analyses approved by U,.S.,
EPA pursuant to the approved GMP, At the end of the operation of
the Groundwater Extraction System, U.,S.. EPA shall, determine the
need for additional monitoring..

If U.S., EPA determines that the groundwater monitoring program is
inadequate to detect changes or the rate of change in the
chemical concentrations in groundwater„ or to determine the
effectiveness of the Groundwater Extraction System,, U.S.. EPA may
modify the sampling frequency upon written notification to the
Respondent.

(4) Analyses

The Respondent shall perform the static groundwater elevation
measurements and field and laboratory analysis according to the
GMP and QAPP approved by U.S. EPA pursuant to paragraph
II.B.2.a.(1) above. At a minimum, field analyses shall include
pH, temperature, and specific conductivity. At a minimum,
laboratory analyses shall include the compounds presented in
Table 1 of this SOW., In addition, the Respondent shall, analyze



TABLE 1
Hagen Farm Site:

Groundwater Contamination
Maximum Levds Detected/' Ground waiter Cleanup Standards

Com pounds

Benzene

1,1-Dichloroethene

Ethylbenzene

Tetrahydrofiiran

Toluene

Xylenes

Vinyl Chloride

Arsenic

Barium

Iron

Lead

]M[an,ga»8e

Mercury

Maximum Concentration
(ugfl)

On-Property

8

1

4, -WO

630,0100

2,700

37,000

77

25.2

1,570

17,000

6

3,330

6.S

-U1 Ill-It 1 l]|KEtrl ,)r

ND

ND

ND

1,200

ND

ND

5

ND

ND

ND

5.6

ND

ND

E!s!

5

7

1,360

50

343

62:0

0.2

50

1,000

300

50

50

2

iStiUMliunis
(ug/L)

PAL

O.CMSI7

0.II24

272

10

<».«

124

CI..MI1LS

S

200

150

S

25

0.2

MCL

5

7

700

NA

1,0(1)

110,000

2

50

2,000

300*

15*

NA

2

BD

ND

ND

ND

ND

ND

ND

ND

ND

37

Nil

ND

ND

ND

ES: Enforcement Standard, NR 140, WAC
PAL: Prevendve Action Limit, NR 140, WAC
MCL: Maximum iComUuninani: Level, Safe DrinkkijE; WiaLter Act
BD:: Background Level
ND: Not-Detected
NA: Not Available
1 Secondary' MCL
2 Action Level value



for the Target Compound List and Target Analyte List (TCL/TAL)
once a year during the first five (5) years after the effective
date of the Adni.nistrative Order and once every three (3 ]i years
thereafter.

If U.S. EPA determines that the groundwater monitoring program is
inadequate to detect changes in the chemical concentrations in
the groundwater at or adjacent to the Site or to determine the
effectiveness of the Groundwater Extraction System, U.S. EPA may
require laboratory analysis of additional parameters not
identified in Table 1 upon written notification to the
Respondent.,

(5) Post-Shutdown Monitoring

After discontinuing operation of the on- and/or off-property
Groundwater Extraction System required pursuant to the ROD,, the
Respondent shall thereafter perform monitoring of groundwater,, in
accordance with provisions of the approved operations and
Maintenance Plan as referenced in Part III, Task II B,, and
document the concentration!-! of has:ardous substances,, pollutants,
and contaminant!:; in such groundwater at and adjacent to the Site
following shutdown of the Groundwater Extract ion System,. The
frequency of monitoring after initial, shut-off of the Groundvater
Extraction System shall be monthly for the first six (6) months,,
and bi-monthly for the second six (6) months., If cleanup
standards have been achieved for each compound, in the aquifer at
the point of compliance (identified in Section. H.B.2.b. (15)) and
beyond for one year,, then monitoring can be conducted quarterly
for the next two (2) years. Thereafter, the Respondent may
petition for semi -annual monitoring. The Respondent shall,
conduct post-shutdown monitoring of all wells identified in
Section II.B.2.a(2), Such monitoring shall continue until the
Respondent demonstrates that the Cleanup standards as referenced
in Section II,B.2.b.(16) below have been continuously satisfied
for thirty (30) years following final shutdown of the Groundwater
Extract ion System.,

If U., S, EPA determines that the post-shutdown groundwater
monitoring program is inadequate to detect, changes or the rate of
change in the chemical concentrations in groundwater at or
adjacent to the Site, U.S. EPA may modify the sampling frequency
and/or duration upon written notification to the Respondent.,

(' 6) Groundwater Monitor ing Report

The Respondent shall submit a Groundwater Monitoring Report (GMR)
to U.S., EPA after completion of each monitoring well and private
well monitoring event. The GMR shall at a minimum, include all
data generated by the monitoring event, and all relevant and
related, documents, such as QA/QC and chain of custody
documentation., The GNR shall also demonstrate that the



Groundwater Extraction System is operating effectively to protect
the private wells located around the site,. The report shall
include physical/cheBical data from the associated monitoring
network and the physical /chemical data in private wells which
prove with physical and chemical evidence that there are no
contaminants in the private wells. The report shall be submitted
with the GMR when the Groundwater Extraction System establishes
stable groundwater level conditions .

The Respondent shall submit a Private Well Monitoring Report to
U.S. EPA after completion of each private well monitoring event.
The Report shall,, at a minimum, include all data generated by the
monitoring event,, and all relevant, and related documents,, such as
QA/QC and chain of custody documentation., The Respondent shall
submit the raw data package from the private well analysis to
U.S. EPA within three (3) days after proper QA/QC is completed
for the private wells data,.

If!,, based on the results of the private well monitoring, field
information, and other groundwater data,, U.S., EPA determines that
private wells located around and downgradient of the Site are
impacted by contaminated groundwater , then the Respondent shall
implement appropriate response action as determined by U.S. EPA
including, but not limited to, the supply of bottled water to the
residences impacted.

The Respondent: shall design ,. construct ,, operate ,, monitor and
maintain a groundwater extraction,, collection,, treatment,, and
discharge system. (Groundwater Extract ion/ Treatment System) to
capture and remove contaminated groundwater , to protect t he
private wells located around the Site,, and restore the
groundwater to c leanup s tandards ,. The Respondent shall operate
the Groundwater Extraction/Treatment System until the groiundwater
cleanup standards established pursuant to paragraph II. B. 2 .b(16) ,
below, are met for each compound in the aquifer at the compliance
points identified in Section H.B.2.b. (15) , below. The
Groundwater Extract ion/Treatment System shall assure that at the
conclusion of the Work: the groundwater will achieve each of the
Groundwater Cleanup Standards established pursuant to paragraph
:]::i:,,B,2,,b, (16) below,, The. Respondent shall demonstrate that the
Groundwater Extraction System shall not introduce contaminants
into the private wells located around and downgradient of the
Site.

( 1) Extraction Well Network

The on- and off -property Groundwater Extraction System shall be
designed , constructed , operated ,, and maintained to capture and
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extract the groundwater contaminant plume (Plume) to protect
private walls located around and. downgradient of the Site,, to
prevent the migration of contaminants from the site further
downgradient to the Yahara River, and to restore groundwater to
cleanup standards in the aquifer.. A Groundwater Extraction
System utilizing a series of extraction wells shall be installed
in the aquifer to capture the contaminant plume,. A static water
level monitoring well system shall be installed, The purpose of
the static water level, monitoring well system is to determine the
effectiveness of the Groundwater Extract ion System. The number
of wells, well placement,, and extraction rates for off-property
groundwater will be established based on the results of
information obtained from the Site during the design phase., The
entire system's performance shall be evaluated through a network
of static and chemical monitor wells which shall be measured on a
regular basis, and U.S.. EPA may require adjustments to the system
as warranted by the performance data collected during operation.,

(2) Off- Property Pump Test and Treatability Study

A Pump Test shall be performed in the off-property aquifer prior
to the design of the Groundwater Extraction System network: to
assist in determining the off••••property aquifer characteristics
and optimum pumping rate to extract the plume from the off-
property aquifer,. Results from the Pump Test shall be used in
the design, of the Groundwater Extraction System.. The Respondent
shall submit the Pump Test Plan for the off-property groundwater
along with the ED Work: Plan to U.S. EPA for approval, The Pump
Test Plan shall include„ at a minimum, the locations of off™
property extraction well(s) and observation wells, the rates of
pumping, the treatment mechanism for extracted groundwater,, the
discharge location of treated groundwater, the method and
frequency of well(s) monitoring,, the sampling frequency and
method, and compounds to be analyzed during the pump test,, and
the QA/QC to be conducted in connection with sampling and
analysis. The Respondent stiall implement this plan after U.S.
EPA approval, Results of the Pump Test shall be submitted, to
U.S., EPA along with the Preliminary Design submittal for
groundwater treatment.. The collection and distribution system
shall be used to transport extracted groundwater to the treatment
system for chemical removal,

Concurrent with the Pump Test,, the Respondent shall perform a
Treatability Study (TS)" to determine the effectiveness and design
parameters of the off-property groundwater treatment technologies
in order to comply with ail applicable or relevant and
appropriate federal and state environmental laws. The off™
property groundwater treatment technologies that shall be tested
under the TS include Cascade Aeration,, Activated Biological
Sludge,, Air-Stripping, GAC, and UV-Chemical Oxidation, The
Respondent shall submit the Treatability Test Plan for the off™
property groundwater along with the RD Work Plan to U.S. EPA for



approval. The TS Plan shall include, but. will not be limited to,
the technologies to be performed, a detailed plan for on-property
and/or laboratory scale test, the discharge location,, the
sampling frequency and method, and compounds to be analyzed
during the TS,, and QA/QC of sampling and analysis. The
Respondent shall implement this plan after U.S.. EPA approval,.
Results of the TS shall be submitted to U.S., EPA along with the
Preliminary Design submittal for groundwater treatment. The
collection and distribution system shall be used to transport
extracted groundwater to the treatment system for chemical.
removal, if the effectiveness of any of these five (5)
technologies listed above can be determined through extrapolating
the results of the off •••property TS or other means without
conducting field and/or laboratory work:, the Respondent shall
specify in the TS Plain, in detail,, how the effectiveness of the
technology(ies) can be determined.,

(3) Wetland Investigation

The Respondent shall conduct a wetlands investigation to
determine the nature and extent of the wetlands located to the
south of the Hagen Farm site and the impact that potential
discharge of treated groundwater will have on these wetlands.
This investigation shal 1 include identif ication of animal, and
plant species present and their hydrologic conditions that could
reasonably be affected. The Investigation shall also include any
impact of ice damage to wetland vegetation and/or biota., The
Respondent shall submit the Wetland Investigation Plan to U.S.
EPA for approval. The Plan shall include detailed investigation
procedures to determine the nature and extent of the wetlands and
the possible physical, biological.! and hydro logical impact from
groundwater discharges. This Plan shall be submitted along with
the RD Work Plan. The Respondent shall implement the Plan after
the approval, of the Plan by U.S. EPA. (Refer to January 1989
"'Federal Manual for Identifying and Delineating Jurisdictional
Wetlands1",) Results of the wetlands investigation shall be
included in the Preliminary Design submittals.,

(4) Bio-Assay Test

The Respondent shall conduct a Bio-Assay test to determine the
acute and chronic t cod city of on-property raw groundwater.
The raw on-property groundwater to be used in the Bio-Assay test
shall be representative of all groundwater that will potentially
require treatment.

The Respondent shall submit the Bio-Assay Test Plan to the U.S.,
EPA for approval,, The Bio-Assay Test Plan shall contain at a
minimum the location of the potential discharge point to the
Yahara River, the duration and frequency of the testing, the
invertebrates and vertebrates to be used for the test, the
location and estimated concentration ranges of effluent samples,
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the location and amount of raw on-property groundwater collected,
the detailed protocol of sample dilution in the laboratory, and
the use of control samples., The plan shall also state the
statistical data management procedures used to calculate 25
percent Inhibition Concentration (IC25}, mortality rate,
Hatchatoility, Terat.agenicity, 5 0 percent Lethal Concentration
(LC50), any other toxicity information, references,, guidance,, and
the QA/QC used to develop this Plan,. The Bio-Assay Test Plan
shall be submitted along with the ED Work Plan. The Respondent
shall implement the Bio-Assay Test Plan after U.S., EPA approval..
The Respondent shall conduct this test in accordance with the
requirements set forth in Wisconsin Pollutant Discharge
Elimination System (WPDES) and shall be performed by laboratories
certified or registered by the WDNR.

The Respondent shall submit a Bio-Assay Test Report to u.S. EPA
after completion of Bio-Assay test., The Report shall at a
minimum include all raw chemical, physical,, and biological data
generated by the test event, a summary of the test conditions,
statistical data,, and all relevant and related documents,
including QA/QC and chain of custody procedures.

(5) Background Water Quality Study and Effluent Toxicity Test

The treated on- and off-property groundwater is anticipated to
enter the Yahara River via direct discharge to the River or from
surface runoff during discharge to the wetlands,. Because
effluent discharge is anticipated to enter the Yahara River, the
Respondent shall design and construct the groundwater pump and
treat system to produce an effluent discharge that prevents acute
and chronic toxicity conditions to humans and wild and domestic
animal!-: and prevents human cancer exposure conditions. In order
to determine the acute and chronic toxicity of the effluent from
the groundwater pump and treat system,, the Respondent shall
conduct a background surface water quality study in the Yahara
River and long term Effluent Toxicity Tests, as required by NR
102,, 105, 106\ and 207,, His. Adm,, Code. Preliminary water
quality ••••based effluent limits for the Hagen Farm Site are
presented in Attachment 1 (WDNR, January 1992). These
preliminary numerical effluent limitations will be recalculated
by U.S. EPA based on the off "•property Pump Test,, the off-
property TS, and an assessment of the existing habitat conditions
in the Yahara River., Complete priority pollutant scan
information and pH and hardness information on representative
Pump Test influent and effluent samples shall be provided to U.S..
EPA by the Respondent,.

(A) Background Hater Quality Study

Results of background surface water quality testing shall be
submitted to U.S. EPA and WDNR for review and approval., The
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following background receiving water quality and aquatic 1ife
infonnation shall, be provided by the Respondent:

1) Background surface water quality sampling shall be
conducted in accordance with MR 207.05, wis. Ada.
Code for the following seven indicator parameters
having water quality criteria listed in NR 105,
and which are contaminants of concern, for the
groundwater: arsenic, copper, lead, mercury,
ethylbenzene„ toluene, and vinyl chloride. In
addition,, background surface water sampling shall
be conducted for tetrahydrofuran„ xylenes, and
manganese which are also contaminants of concern,,
A Minimum of one sample round is required during
average to lew flow conditions. Three (3)
additional sampling rounds of sampling are
required for all substances detected in the first
round. The additional rounds must be conducted
two to three months apart. Background pH and
hardness sampling are required to coincide with
the indicator sampling. A minimum of four data
sets shall be provided to u.S. EPA and WDNR.

2)' An environmental assessment required in accordance
with MR 150, WAC, for issuance of a WPDES pemit
requires identification of endangered and
threatened species and impacts on any species
identified. The Respondent shall contact the
WDNR's Bureau of Endangered Resources for a
current, review of the Natural Heritage Inventory,.
Also available through the U,.S. EPA and WDNR is a
letter dated August i.9, 1991 from HDNR's Bureau of
Endangered Resources providing information on
endangered and threatened species in the area.
Based on this information, the Respondent shall
submit to U.S., EPA their evaluation as to whether
these habit .at, which are identified for species
listed on the Natural Heritage Inventory, are
present for areas affected by the project. If
determined by U.S., EPA to be present, a
coniprehensive survey shall be completed., If any
State threatened or endangered species are
identified, an assessment of existing habitat
conditions may be required, as determined by U.S.,
EPA, for the stretch of the Yahara River
immediately down stream of the proposed discharge.
If required, the assessment may include but not be
limited to: suspended solids evaluation,, stream
bottom characteristics including the degree of
sedimentation,, and assessment of the
macroinvertebrate community.
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Appropriate treatment facility influent and effluent monitoring,,
and background water quality monitoring will be required to
eni-iure tinai the water resources are being properly protected,.
The Respondent shall receive approval from U.S., EPA prior to
initial discharge from the treatment system. The initial.
discharge from the treatment system shall meet the effluent
limitations and monitoring requirevents established for the
proposed treatment facility and the discharge shall be
discontinued if the requirements are no longer met.

The Respondent shall submit the Background Water Quality Study
Plan, (the BWQS Plan) to the U.S. EPA"for approval. The' J3WQS Plan
shall describe in detail how the study discussed in this section
can be conducted,. The Respondent shall submit the BWQS Plan
along with ED Work Plan, The Respondent shall implement the BWQS
Plan after approval of the Plan by U.S. EPA.

The Respondent, shall submit a Background Water Quality Study
Report (the BWQS Report) to U.S. EPA after completion of the
study event in the Yahara River., The BWQS Report shall at a
minimum include all data generated, by the BWQS, and all. relevant
and related documents,, such as QA/QC and chain of custody
procedures.

If U.S. EPA determines that implementation of the BWQS Plan is
inadequate, U.S. EPA may require, by written notification to the
Respondent, additional studies.,

(B) Effluent; Toxicity Test

The Respondent shall conduct toxicity tests on effluent
discharged to the Yahara River following the conditions specified
below:

1) An acute toxicity test battery shall be initiated
with three freshwater species (Ceriodaphnla dubla,
Daphnia magna, and Fathead Minnows (Pimephal.es
promelas)) during the first ten (10) days
f'ollowing commencement of discharge. Each acute
toxicity test battery shall be completed with the
following effluent treatments: 12..5%, 25%, 50%,,
and 100% (v:v) ., Upon completion of the first
acute test battery, additional acute test
batteries shall be performed, once per three (3)
months for a period of thirty-six (36) months, at
which time the frequency of testing shall be
reduced to once per year unless the U.S. EPA and
WDNR determine that data warrant an alternative
frequency.

2) A chronic toxicity test battery shall, be initiated
with two freshwater speedes (Ceriodaphnla dubia,
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and Fathead Minnows (Pimpephales promelas)) during
the first ten (1.0) days following comnmencengtent of
discharge. Each chronic toxicity test battery
shall be completed with the following effluent
treatments: i2.5%, 25%, 50%, and 100% (v:v).Upon
completion of the first chronic test battery,,
additional chronic test batteries shall be
performed once per three months for a period of
thirty-six (36) months,, at which tine the
frequency of testing shall be reduced to once par
year unless the U.S.. EPA and WDNR determine that
data warrant an aIternative frequency.

3) An acute toxicity test battery shall be determined
positive if lethality or immobilization is
observed for more than 50% of the test organisms
in an undiluted, 100% effluent test treatment for
any test species. In the event of a positive
acute toxicity test result, the U.S., EPA and WMR
must be notified of the results within five (5)
business days following the completion of the test
and two additional test batteries shall be
completed within thirty (30) calendar days
following the completion of the regularly
scheduled test which yielded the positive result,,

4) A chronic toxicity battery shall be determined
positive for any test species if the IC23i
associated with the effluent is less than the
instream waste concentration (IWC) which is
determined by the following formula:

IWC - ——————— X 100
(Q«-KU

Where:;
Q, ::s Average daily effluent design

flow '(cfs) from outfall 001.

f ™ 0.0 for the Hagen Farm
Site. Fraction of the effluent
flow withdrawn from the receiving
water (Yahara River) ,.

Q, = 3.5 cfs. Based on 25% of the
estimated 7-Q10 flow of the Yahara
River near stoughton. (7-Qw = 14
cfs,, 14 cfs X 25% === 3.5 cfs)
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In the event of a positive chronic toxicity test result, the U.S.
EPA and WDNR must be notified of the results within five (5)
business days following the completion of the test and two (2)
additional test batteries shall be completed within thirty (30)
calendar days following the completion of the regularly scheduled
test which yielded the'positive result.

5) The U.S. EPA and WDNR shall review the data
generated under this Statement of Work every five
years to determine if modifications are necessary.

6) Within sixty (60) days after determination by the
U.S. EPA,, in consultation with WDNR, and based on
data from previous toxicity test batteries, that
the potential, exists for persistent toxicity, a
plan to do one of the following actions shall, be
developed and submitted to U.S. EPA and WDNR for
approval:

(a) Conduct a toxicity identification evaluation
and complete all necessary steps to eliminate
acute whole effluent toxicity;

(b) Cease discharge to the Yafaara River; or

(c) Take other appropriate actions as determined
necessary by the U.S. EPA in consultation
with WDNR.

Any Best Available Control Technology Economically Achievable
(HIM1) 1 limits and requirements determined in accordance with ME
220.2, Wis. Adm. Code must also be satisfied., The more stringent
of either the water quality based limits or the BAT reqruirements
must be met. The ^Respondent must submit, as part of the
Preliminary Design Suomi.tta.ls, projections of effluent quality
and pollutant removal efficiencies and additional treatment
system design information based on the results of the
Treatability Studies. In addition, projections of effluent
quality and removal, efficiency must be presented for the
contaminants of concern listed in Table'1.

The Groundwater Extraction and Treatment System's performance
will be monitored on. a regular basis, and U.S.. EPA may reguire
adjustments to the system as warranted by the performance data
collected during operation. Examples of adjustments which may be
required by U.sl EPA are additional groundwater extraction wells
and/or increased or decreased pumping rates,.

The Respondent, shall submit the Effluent Toxicity Test Plan (the
ETT Plan) to the U.S. EPA for approval, The ETT Plan shall
describe in detail how the test discussed in this section can be
conducted. The Respondent shall, submit the ETT Plan along with
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Preliminary Design Submittals. The Respondent shall implement
the Plan as approved by U.S, EPA,,

The Respondent shall submit the ETT Report to U.S. EPA, after
completio>n of each test event., The Report shall at a minimum
include all data generated by the study, and all relevant and
related documents, such as QA/QC and chain of custody procedures.

If U.S., EPA determine!-! that the Effluent Toxicity Test Plan is
inadequate to determine the acute and chronic toxicity of
effluent from the treatment facility, U.S. EPA may require, by
written notification to the Respondent,, additional test
parameters, test frequency and duration.

(6) Determination of Off-property Groundwater Treatment
Technology

After completion of the Pump Test and Bio-Assay Test and after
receipt of the final Yahara River Discharge Limits from the U..S.,
EPA,, the Respondent shall submit a proposal to the U.S. EPA for
the technology for the treatment of the off •••property groundwater.
The technology proposed shall be selected from among the five
tecltmologies which were evaluated in the FS.. The five potential
off •••property groundwatsr treatment technologies are the Cascade
Aeration, Activated Sludge Biological, Air-Stripping, Granular
Activated Carbon, and the Ultraviolet (UV) Chemical Oxidation.,
The proposal shall address,, at a minimum, the Yahara River
Discharge limit!-; for the contaminants of concern, the ability of
the technologies identified in the FS to meet these discharge
limits, an evaluation of these technologies to meet BAT
requirements, and any other information, criteria, data and
references used to select the technology. The proposal shall
demonstrate that the selected technology will treat the extracted
off-property groundwater to the discharge limits for the
contaninants of concern specified by U.S.. EPA and will meet the
requirements under BAT. The proposal shall be submitted to U.S.,
EPA for approval after the receipt of Yahara River discharge
limits.

If U.S. EPA disapproves the proposal, without selecting another
technology,, the Respondent shall submit a proposal with selection
of another technology based on the comments provided by U.S.. EPA.
Such revised proposal shall be submitted after receipt of U.S.,
EPA's comments on the Proposal. If U.S., EPA disapproves the
Proposal with selection of another technology, the Respondent
snail accept and implement the technology selected by U.S. EPA as
the groundwater treatment technology for off •••property
groundwater.

If the Respondent proposes the Activated Biological Sludge System
as the off-property groundwater treatment technology, then the
Proposal may include a detailed plan as to how the on •••property
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and off-property groundvater treatment can be combined, shouId
the Respondent choose to propose to combine the two flows of
groundwater»

(7) Treatment of On-Property Groundwater

Extracted on-property groundwater shall be pumped to the
treatment, system for removal of chemical contaminants prior to
discharge.

The On-property groundwater treatment process shall be capable of
treating the volume of contamiriated groundwater necessary to meet
the objectives of the Groimdwater Extraction System in Section
II.B.2.b, above. The treatment system shall, at a minimum,,
consist of an air oxidation/precipitation or pH adjustment to
remove metals and inorganic solids in the groundwater. After
metals pretreatment, the extracted on-property groundwater shall
be treated using an Activated Sludge Biological System to remove
organic compounds to the discharge levels,.

If, during the course of biological, treatment, the contaminant
concentrations in the extracted on-property groundwater become
too low to support biological activity,, the Respondent shall add
additional nutrients (i.e., milk: whey) to maintain optimum
biological, activity for contaminant degradation. The Respondent,
shall Inform the u.S. EPA,, in writing, regarding all additions of
nutrients in the system. The Respondent shall inform U.S. EPA
thirty (30) before such addition of nutrients. When influent
contaminant concentrations in the biological process decrease to
a level insufficient to support biological activity without large
additions of substrate,, the Respondent shall replace the
biological treatment system with a more cost-effective physical
or chemical treatment process,, such as Granular Activated Carbon
(GAG) , that shall be at least as efficient, a system to remove
organic compounds in the groundwater. The biological system is
anticipated to remove up to 99 percent of the contaminants in the
groundwater,. The Respondent shall submit, the plan to the U.S.,
EPA for approval within sixty (60) days before such replacement
of new treatment technology is needed.

(8) Treatment, of Of f-Property Groundwater

Extracted off •••property groundwater shall be pumped to the
treatment system for removal of chemical contaminants prior to
discharge,.

The off-property groundwater treatment process shall be capable
of treating the contaminated groundwater necessary to meet, the
objectives of Groundwater Extraction System identified in Section
II.B.2.b, above. The treatment system shall, at a minimum,
consist, of an air oxidation/precipitation or pH adjustment to
remove metals and inorganic solids in the groundwater, After
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me ta 1 s pretreatment„ the extracted of f-property groundwater sha 11
be treated using the appropriate technology approved by U.S. EPA
to remove organic compounds., The contaminated off-property
groundwater produced during the Pump Test shall be treated in the
Groundwater Treatment System, if necessary.

(9) Evaluation, of In-Situ Bioremediation

After initiation of the operation of the Groundwater Extraction
System and after stabilisation of the groundwater flow pattern,,
the Respondent shall perform a study to examine the feasibility
of re-injection of treated on-property groundwater to the aquifer
to enhance in •••situ Ibioremediation (the "Feasibility Test1"} ., The
Feasibility Test shall also be designed to determine the optimum
amount of essential nutrients (e.g.,, moisture, nitrogen, methane,
and phosphate) and/or oxygen to be added to the saturated soil
zone and on-property aquifer in order to enhance the microbial
degradation of organic compounds,. The Feasibility Test should
begin with a bench scale study to determine the effect of
nutrients and/or oxygen on contaminated groundwater,. If the
bench scale study shows positive results, a pilot study would
then be conducted,. The Feasibility Test, shall be subject to the
supervision, review, and approval of the U.S. EPA. At. the
conclusion of the Feasibility Test period,, the Respondent shall
present, the results of this study to the U.S. EPA. in the form of
a written report,. The underlying data developed during the
Feasibility Test shall be made available to the U.S., EPA at the
request of the U.S. EPA,. Based on the results of the Feasibility
Test,, ll',.S., EPA may require the Respondent to implement the re-
injection of treated groundwater with the addition of essential
nutrients and/or oxygen to the saturated soils and groundwater.
Water used for in-situ bioremediation will be treated to achieve
MR 140 PALs prior to re™injection into the aquifer. Any proposal
to re-inject treated groundwater enhanced with nutrients and/or
oxygen must comply with the substantive requirements of Ch. MR
112, HAG.

The Respondent shall describe the method of conducting the
Feasibility Test in the Remedial Design for the Groundwater
Extract ion System. At a minimum,, this description shall, include
the duration of the Feasibility Test,, the location of re-
injection, the method of re-injection, the amount and kinds of
various nutrients, the vertical depth of re-injection,, any
sampling procedures used to determine the effectiveness of this
Test,, and QA/QC of sampling and analysis.,

(10) Petition to Cease Operations

When the Respondent believes that the Groundwater Extraction
System has achieved all of the groundwater cleanup standards, the
Respondent shall submit to U.S.. EPA a petition to cease operation
of the systeini, The petition to cease operation shall include
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documentation that all groundwater cleanup standards have been
continuously achieved for at least three (3) years and a.
demonstration, based on Settling Defendant's best scientific
judgement (as approved by U.S., EPA), that there is no likelihood
that groimdwater cleanup standards will be exceeded after the
groundwater Extraction system is shut down. No individual
extraction well shall, be shut down. The Respondent shall perform
any additional sampling and monitoring necessary to support the
petition, as required by U.S. EPA. If U.S. EPA determines that
additional sampling and monitoring is required, then respondents
shall submit a groundwater sampling and monitoring plan related
to the additional work: at least six (6) months before sampling
and monitoring begins., A final post groundwater clean-up report:
shall be submitted by the Respondent which demonstrates three (::t)
year clean-up objectives after the petition to cease operation
has been approved by the U.S. EPA.

(11) Notification of Temporary Groundwater Extraction System
Shutdown

If, for any reason during the period of operation of the
Groundwater Extraction System, the operation of the Groundwater
Extraction System is interrupted or stopped,, whether due to
mechanical failure, human error,, or any other reason (except for
routine maintenance), then the Respondent shall notify the U.S.,
EPA of such interruption or cessation of operation within twenty-
four (24) hours after learning thereof, Such notification may
initially be given orally, but must be confirmed in writing
within five days after the date on which the oral notification is
given. The Respondent shall notify U.S. EPA of the nature and
cause of the interruption or cessation of operation,, as well as
the estimated length of time before the operation of the
Groiundwatex' Extraction System will be resumed.

If,, for any reason during the period of operation of the
Groundwater Extraction System, the Respondent determines that it
is necessary to temporarily interrupt the operation of the
Groundwater Extraction System in order to perform routine
maintenance on the system, then the Respondent shall give U.S.,
EPA a minimum of forty-eight (48) hours notice,, in writing,, prior
to such shutdown. The Respondent shall notify the U.S. EPA. of
the nature of the maintenance to be performed, as well as the
estimated length of time before the operation of the Groundwater
Extraction System will be resumed.

In all cases where there is an interruption or cessation in the
operation of the Groundwater Extraction System,, whether due to
mechanical, failure,, human error,, or to perform routine
maintenance, as well as any other reason, the Respondent shall
use their best efforts to repair, complete maintenance, or take
any other steps necessary to timely resume the operation of the
Groundwater Extraction System.



19

(12) Discharge of Treated Groundwater

The discharge criteria shall be determined by U.S., EPA,, Such
discharge criteria shall satisfy best available technology
requirements and all more stringent limits necessary to satisfy
water-quality based standards.

Discharge of treated groundwater to the Yahara River will be
required to comply with the requirements set forth in a WOES
permit,, since discharge! to the Yahara River would be considered
an off-Site discharge.

Discharge of treated groundwater into the wetlands via the
drainage ditch near the southeast corner of the Site or directly
to the wetlands will be required to meet the substantive
requirements of a WPDES perB.it and shall comply with NR 140, PAL
standards,. In addition,, the State of Wisconsin has policies on
protection of wetlands including NR 1.95 and 103 Wis. Adm. Code.
Impacts to the wetlands will be considered and minimized to the
extent possible during the design phase of this remedial action
as directed in Executive Order il990.

Compliance with the WPDES discharge limits shall be determined by
sampling and analysis of the treated groundwater at the point of
discharge,, as set forth in the WPDES requirements.

All discharges from treatment system(s) to the Yahara River or
wetlands shall comply with all effluent limitations, monitoring
requirements, reporting requirements, and other substantive
requirements approved Jay U.S. EPA, and/or as required by lav.

(13) Correction of Deficiencies,.

If the groundwater monitoring program indicates that insufficient
water is being withdrawn by the Groundwater Extraction System so
that (a) groundwater contaminant concentrations in. the leading
edge of the plume are not decreasing, or (b) groundwater
contaminant concentrations are not decreasing at the rate
necessary to achieve the Cleanup Standards, or (c) the static
monitoring well network indicates that contaminated groundwater
is discharging to the Yahara River or otherwise escaping the
influence of the Groundwater Extraction System, or (d) adverse
hydrologic consequences (such as lowering the water table in the
Wetlands or at drinking water wells) are occurring,, the U.S. EPA
may,, by written notification to the Respondent, require
modification of the operating parameters,, including but not
limited to additional groundwater extract ion wells and/or an
increased or decreased pump rate. Upon determination of a
deficiency, corrections shall occur within sixty (60) days after
notice from the U.S. EPA, unless a drinking water well is
affected in which case corrective action shall occur as soon as
possible but no later than 7 days after notice is received from
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U.S. EPA,. If monitoring of the static water elevations or
equipment operation demonstrate!:! a system malfunction, then the
U.S. EPA shall be notified within 24 hours of knowledge o£ such
malfunction and immediate steps shall be taken by the Respondent
to determine the cause of the malfunction and the measures
necessary to correct the malfunction. Such actions to correct
the problem shall be taken immediately after approval by U.S.. EPA
of the proposed measures for correcting the malfunction,.

(14) Restart.

If groundwater monitor ing', as set forth under Section
II.B.2.a(5), above,, indicates that the concentration of any
hazardous substance,, pollutant,, or contaminant increased above
the Groundwater Cleanup Standards after operation of the
Groundwater Extraction System has been terminated in accordance
with the terms of the Administrative Order, ROD,, and this SOW,
then the Respondent shall reactivate the Groundwater Extraction
System. The Respondent shall thereafter operate and maintain the
Groundwater Extraction System until they again demonstrate
compliance with the Groundwater Cleanup Standards as provided at.
Paragraph II.B,.2..bi(16) of this SOW,.

(15) Podnt of Compliance,.

The point of compliance shall be at the waste management boundary
(i.e., at. the edge of the landfill cap),.

Groundwater cleanup standards will be met in accordance with the
National Contingency Plan (NCP) at the point of compliance, and
wherever groundwater is monitored beyond the point of compliance.
The groundwater cleanup standards are presented in the attached
Table 1. In order to monitor and evaluate the remedial, actions,,
certain groundwater monitoring wells shall be selected by U.S.
EPA in consultation with the State, to measure compliance with
the performance standards and the cleanup standards. These wells
shall be proposed by the Respondent for approval by the U,.S., EPA
in consultation with the WDNR in development of the RD/RA
Workplan. If these wells are destroyed or in any way not able to
be sampled, they shall be repaired or replaced by the Respondent
within a time frame specified by U.S.. EPA., Additional wells may
be required by the U.S. EPA in consultation with the WDNR
pursuant to Section VIII of the Administrative Order.

(16) Cleanup Standards

Groundwater will be extracted until the groundwater no longer
attains or exceeds cleanup standards in the aquifer at the point
of compliance and beyond,. The clean-up standards for groundwater
fair the Site are Preventive Action Limits (PALs) „ as set forth, in
the Wisconsin Administrative Code,, Chapter MR 140. Additionally,
clean-up standards consistent with the National Contingency Plan
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(MOP) and Record of Decision nay be specified by the U.S.. EPA for
other contaminants that may be detected during monitoring that:
lack a Chapter NR 140 numeric standard. These clean-up standards
apply to those chemicals found during the Remedial Investigation
phases for the SCOU and the GCOU, which exceed PAL,!;;, as well, as
all chemicals found to exceed PALs during the Groundwater
Monitoring Program, Table 1 lists the Wi scons in Administrative
Code,, Chapter NR 140, Preventive Action Limits and Enforcement
Standards (ES) .,

Cleanup standards for the groundwater will be met according to
the attached Table 1, However, consistent with the exempt ion
criteria of NR 140.28,, Mis. Adm, code, U. S. EPA may establish a
Wisconsin Alternative Concentration Limit (WACL) cleanup
standard , if ,, based on Site-specific monitoring data gathered
before and after implementation of the selected groundwater
remedy , U.S. EPA determines that it is not technically and
economically feasible to achieve the PALs for a specific
substance., Except where the background concentration of a
compound exceeds the ES , and consistent with the criteria in NR
140.28(4) (13 ) , the WACL that is established may not exceed the ES
for that compound .,

The Respondent shall conduct five (5) -year reviews of groundwHi tax-
conditions pursuant to U., S, EFA"s review under paragraph 51 of
the Administrative Order ., The groundwater eva luations shall be
submitted as part of the O&M Progress Reports ,

Water used for in-situ bioremediation will be treated to achieve
NR 140, PALs prior to re-injection into the aquifer. Any
proposal to re- in j ect treated groundwater enhanced with nutrients
and/or oxygen must comply with the substantive requirements of
Ch. NR lliili, WAC.

( 17 ) Air Emissions

The Respondent shall submit an Air Monitoring Plan (AMP) and QAPP
to U.S., EPA for approval, to monitor air emissions during
treatment of groundwater, if necessary., The AMP at a minimum
shall include the duration and frequency of sampling activity,
the locations of sampling, the methods of sampling and analysis,,
and the compounds to be analyzed. The AMP and QAPP shall be
submitted along with the RD/RA design documents for groundwater.,
The AMP must comply with ARARs, .including the Clean Air Act (CAA)
and NR 400 through '199, Wis» Adm. Code,.

The Respondent shall perform air emission monitoring of the
Groundwater Extraction System to assure that air toxic criteria
are met in accordance with the CAA,, including 40 CFR Parts 50 and
61, and NR 445 , Wis. Adm,. Code. If air emissions from the
Groundwater Extract ion System exceed a ir emi ss i on d i sonar ge
limits specified in the Clean Air Act (CAA) and/or NR 445, His.
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Adm. Code,, the Respondent shall treat the emissions using the air
treatment system to meet, such discharge limits..

If treatment of the air emissions is necessary, the Respondent
shall design an Air treatment system for the Groundwater
Extraction System that complies with MR 445,, Mis., Ada. Code and
shall submit, the design to U.S., EPA for approval., The air
treatment system shall be designed to treat air emissions
produced from the Groundwater Extraction System,, including but
not limited to the air stripper and cascade aeration system,,
using a vapor phase carbon adsorption system., The Respondent
shall implement the design upon U.S., EPA approval.,

(18) Sludge/Residues Treatment and Disposa1

All sludges,, residues, spent carbon,, and/or spent coagulants
produced from groundwater and off-gas treatment, will be analyzed
for characteristic wastes and F003-F005 listed wastes and treated
to LDR standards for F003-F005 waste prior to disposal at a RCRA
landfill in accordance with the requirements of 40 CFR 268,41.,
If testing determines that waste sludge generated from the
activated sludge biological system is not hazardous, the waste
sludge could be disposed of by on™ Site landspreading or off-"Site
land i: ill ing. Spent carbon will be regenerated or treated to meet
the LDR requirements.

The Respondent shall submit a Sludge Management Plan (SIMP) and
QAPP to'U.S. EPA for approval to manage the sludges produced,
during the implementation of the Groundwater Extraction System.
The SIMP at a minimum shall include the duration and frequency of
sampling activities,, the amount and nature of sludges to be
generated, the methods of sampling and analysis,, the TCLP
procedure, the compounds to be analyzed,, and the detailed
description of disposal. The SMP shall be submitted along with
the RD/RA design documents for groundwater,. The SMP must comply
with ARARs, including 40 CFR 268.41 and Wisconsin '"Interim Policy
for promoting the In-State and cm-Site Management of Hazardous
wastes in the State of Wisconsin1".

3. Institutional Controls

The Respondent, shall comply with Section X of the ROD and.
all pertinent parts of Section II.B. of the SOW.
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S32EE
The RD and RA work shall consist, of five tasks;

Task I: RD Work Flan

A. Groundvater Monitoring Plan and QAPP
B.. Pump Test Plan
C., Treat ability study Plan
D., Wetlands Investigation Plan
E., Bio "-Assay Test Plan
F. Background Water Quality Study Plan

Task II: Remedial Design

A. Design Plans and Specification!!;
B. Operation and Maintenance Plan and QAPP'
C. Cost Estimate
D, Proj eat Sahedule
E. Construction Quality Assurance Objectives
F,. Health and Safety Plan
G. Design Phases
l-l,. Conmunity Relations Support
I,. Air Emission Monitoring Plan
J. Feasibility Test Plan
K. Effluent Tojd.ci.ty Test Plan
L. Sludge Management Plan

Task III: HA Work Plan

Task IV: Remedial Action Construction

A., Responsibility and Authority
B.. Construct ion Qua 1 ity As sur ance Personnel

Qualifications
C. Inspection Activities
D. Sampling Requirements
E. Documentation

Task V: Reports

A. Progress
B. Annual Court Report
C, NO ti.fi cat ion of Completion of

Construction Report
D,. Operation and Maintenance Report
E, Remedial. Action Implementation Report
F.. Inspection Report
G, Remedial. Action Report
H. Feasibility Test Report
I. Draft
J. Final



The Respondent shall prepare and submit to the U.S. EPA for
approval, in accordance with the schedule set forth in Part: VI
below, an RD Work Plan which describes the overall management
strategy for performing the design „ construction,, operation,,
maintenance,, and monitoring of remedial actions, including
additional samp1ing,r investigation and treatability study
activities, groundwater pump and treatment, and Feasibility Study
for the bioactivity. The plan shall document the responsibility
and authority of all organizations and key personnel involved
with the implementation and include a description of
qualification!-! of key personnel directing the RD, including
contractor personnel.. A schedule for the selected remedy shall
foe included in the RD Work Plan., The Respondent shall submit a
RD Work Plan sixty (60) days after the effective date of U.S.
EPA1!:! Administrative Order, The Respondent shall submit an
amended RD Work Plan incorporating U.S. EPA"s comments on the ED
Work: Plan according to the schedule identified in the Submission
Summary below, The RD Work Plan shall include,, but not be
limited to,, the following:

1. A GroundMater Monitoring Plan and QAPP;

2. A Pump Test Plan;

3. A Treatability Study Plan;

4. A Wetlands Investigation Plan;

5. A Bio-Assay Test Plan; and

6. A Background Water Quality Study Plan..

Each portion of the RD Work Plan shall also include the
name(s) and a description of qualifications of key personnel,
directing the RD, including contractor personnel.,

A. Groundwater Monitoring Plan and QAPP

See Section II. B,. 2. a,

B, Quality Assurance and Quality Control

The Respondent shall develop a Site specific Quality Assurance
Project Plan (QAPP), covering all phases of future site work,
based upon the Administrative Order and guidance provided by I.),.S.,
EPA. The QAPP shall at a minimum include:

• Project description
'» Pro j ect organization
111 Project responsibilities
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Sampling and custody procedures
Calibration procedures
Quality assurance obj ectives
Ana ly t i c a 1 pr ocedur e s
Data analysis and reporting
Internal QC checks
Performance and system audits
Preventative maintenance
Method specific procedures for assessing data
precision, accuracy and completeness
Corrective actions
QA reports

The Respondent shall attend a pre- QAPP meeting with U.S. EPA.
The Respondent shall submit a draft QAPP to U.S. EPA for review
with the Work; Plan to cover pre-design sampling and analysis.

C. Pump Test Plan

See Section II „ B. 2.. b. (2) .

D. Treatability study Plan

See Section II.B.2.b.(2),

E. Wetland Investigation Plan

See Section I I.E. 2.b. (3) ..

F. Bio-Assay Test Plan

See Section II., B. 2 „ b. (4} .

G., Background. Water Quality Test Plan

See Section II. 13,. 2, b,. (5) ,

F. Site Safety Plan

The Respondent shall develop a site safety plan which is designed
to protect cm-Site personnel and area residents from physical,,
chemical, and all. other hazards posed by this remedial, action,
The. safety plan shall develop the performance levels and criteria
necessary to address the following areas.

General requirements
Personnel
Levels of protection
Safe work practices and safe guards
Ifedica 1. survei 1.1 ance
Personal and. environmental air monitoring
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Personal protective equipment
Personal hygiene
Decontamination - personal and equipment
Site work; zones
Contaminant control
Contingency and emergency planning
Logs, reports and record keeping

The safety plan shall follow U.S. EPA guidance and all OSHA
requirements as outlined in 29 CFR 19 10. The Respondent shall
submit a draft safety plan for Agency review along with the
pref inal design submittal . The Respondent shall incorporate all
required corrections in the final, safety plan submitted with the
final design submittal, Document review shall be in accordance
with the Admin istrative Order. A Site safety plan shall also be
developed for pre-design activities,.

H. Samp ling Plan

The Respondent shall develop a sampling and analysis plan ( as
described in '" Guidance for Conduct ing Remedia 1 Investigations
and Feasibility Studies Under CERCLA, " October 1988) for the pre
design field activities) .

I .. Site Access

Site access agreements required to implement the remedial, action
shall be obtained by the Respondent as required under Paragraph
68 of the Administrative Order,, prior to the initiation of
remedial action or additional studies,. Site access shall extend
for the duration of the clean-up and include allowances for all
operation and maintenance considerations in accordance with
Paragraph 27 of the Administrative Order,.

Tine Respondent shall, prepare and submit to 0.. s. EPA for
approval final construction plans and specifications to implement
the Remetdial Actions at the Site as defined in the '"Purpose1111 and
the '"Description of the Remedial Action1" section of this SOW,,
Respondent shall include the items described in Section III below
in the submit ta Is .

The Respondent shall develop and submit to U. S. EPA for
approval clear and comprehensive design plans and
specifications which include but are not limited to the
following:;
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1.. Discussion of the design strategy and the design basis,
including:;

a. Compliance with all applicable and all. relevant
and appropriate environmental and public health
laws,, rules, regulations, and standards; and

b. Minimization of environmental and public impacts.

2. Discussion of the technical factors of importance to
the design and construction including:

a, Use of currently accepted environmental control.
measures and technology;

b, The const.ructabi.lity of the design; and

c,. Use of currently acceptable construction practices
and techniques..

3. Description of assumptions made and detailed
justification of these assumptions;

4. Discussion of the possible sources of error and
references to possible operation and maintenance
problems;

5. Detailed drawings of the proposed design including;

a,. Qualitative flow sheets;1 and

b, Quantitative flow sheets,.

6. Tables listing equipment and specifications;

7. Tables giving material and energy balances;

8. Appendices including;

a, Sample calculations (one example presented and
explained clearly for significant or unique design
calculations);

b. Derivation of equations essential to understanding
the report;

c. Results of Program;

d» Well construction and installation details„

e. Results of Laboratory or Field Tests,.
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The Respondent shall prepare and submit to U.S. EPA for
approval an Operation and Maintenance Plan to cover both
implementation and long term maintenance of the Remedial
Actions. The plan shall be composed of the following
elements::

1. Description of noottal operation and maintenance (O&M) ,
including;

a. Description of tasks for operation;

b. Description of tasks for maintenance;

c. Description of prescribed treatment or operation
conditions; and

d. Schedule shoving frequency of each O&M task.

2 . Description of potential, operating problems, including;

a, Description and analysis of potential, operation
problems;

b. Sources of information regarding problems; and

c., Common and/ or anticipated remedies..

3 » Description of routine monitoring and laboratory
testing, including;

a. Description of monitoring tasks;

b. Description of required laboratory tests and their
interpretation;

c .. Required Data collect ion , Quality Assurance
Project; Plan (QAPP) ;

d« Schedule of monitoring frequency and date, if
appropriate , when monitoring may cease ; and

e. Description of triggering mechanisms for
Waste/ sub-Soils monitoring results.

Descri.pti.oin of alternate O&M:,, including;

a. Should system (s) fail, alternate procedures to
prevent releases or threatened releases of
hazardous substances , pol 1 utants and contaminants
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in order to protect public health and the
environment and prevent exceedance of any
applicable, relevant, and appropriate standard;:
and,

b, Anal,ysis of vulnerabi lity and additional r e source
requirement should a failure occur..

5. Corrective Action, including;

a. Description of corrective action to be
implemented; and

b. Schedule for implementing these corrective
actions.

6. Safety plan, including;

a., Description of precautions, of necessary
equipment, etc., for safety of site personnel.;: and

b. Safety tasks required in event of systems failure.,

7. Description of equipment, including?

a. Equipment identification;

b. Installation of monitoring components;

c., Maintenance of site equipment; and

d. Replacement schedule for equipment and installed
components.,

&, Records and reporting mechanisms, including;

a. Daily operating logs;

b., Laboratory records;

c., Records for operating costs;

d. Mechanism for reporting emergencies;

e., Personnel and maintenance records; and

f., Monthly/annual reports to state agencies,.

An initial Draft Operation and Maintenance Plan shall be
submitted by the Respondent to U.S. EPA simultaneously with
the Prefinal Design Document submission and the Final
Operation and Maintenance Plan with the Final Design Documents.
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The Respondent shall submit to U.S. EPA for approval, updates
of the final Operation and Maintenance Plan after
construction of each component of the remedial action in
order to reflect any changes to the Operation and
Maintenance Plan necess itated by the construct ion ,

The Respondent shall develop and submit to U.S., EPA for
approval cost estimates for the purpose of assuring that the
Respondent has the £ inancia 1 r e sour ces necessary to
construct and implement the Remedial Action. The cost
estimate developed in the Feasibility Study shall be refined
to reflect the more detailed/accurate design plans and
spec .1:1: icat ions being developed . The cost est imat e shall
include both capital and operation and maintenance costs.
An Initial. Cost. Estimate shall be submitted simultaneously
with the Prefinal Design submission and. the Final cost
Estimate shall be submitted along with the Final Design
Document,

The Respondent shall develop a Project Schedule for
construction and implementation of the Remedial Actions ,
The Project, schedule shall identify timing for initiation
and completion of all critical, path tasks 1 The Respondent
shall, specifically identify dates for completion of the
Project and major interim milestones, An Initial Project
Schedule sha 1 1 be submitted simultaneous ly with the Prefinal
Design Document submission and the Final Project Schedule
shall be submitted along with the Final Design Document.
The Final Project Schedule is subject to review and approval
by the U.S. EPA.

The Respondent shall identify and document the objectives
and framework for the development of a construction quality
assurance program including, but not limited to the
following;; responsibility and authority; personnel
qua .1 if 1 cations ; inspection acti v iti es ; sampl ing
requirements ; and documentation .

The Respondent shall modify and. submit to U.S. EPA for
approval the Health Safety Plan developed for the RI/FS to
address the activities to" be performed at the facility to
implement the Remedial Action (s) .
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The design of the Remedial Act ion (s) shall include the
phases outlined be low ..

1 .. Preliminary design

The Respondent shall submit the Preliminary Design
when the design effort is approximately 30%
complete. At this stage , the Respondent shall
have field verified the existing conditions of the
facility,. The Preliminary Design shall reflect a
level of effort, such that the technical.
requirements of the project have been addressed
and outlined so that they may be reviewed to
determine if the final design will provide an
operable and usable Remedial Action. The
Respondent, shal 1 provide support ing data and
documentation with the Design Documents defining
the functional aspects of the program. The
preliminary construction drawings by the
Respondent shall reflect organization and clarity..
The scope of the technical specifications shall, be
outlined in a manner reflecting the final
specifications . The Respondent shall include with
their preliminary design submission , calculation!-!
reflecting the same percentage of completion as
the designs they support..

2 ., Correlating plans and specifications

General correlation between drawings and technical
specifications is a basic requirement o>f any set
of working construction plans and specif icat ions ,
Before submitting the pro j ect specifications , the
Respondent sha 1 1 :;

a . Coordinate and cross-check the specif ications
and drawings ; and

b. Complete the proofing of the edited
specifications and the cross-checking of all
drawings and specifications.,

These activities shall be completed prior to the
95% pre final submit tal to the' U.S. EPA.

3 . Equipment start -up and operator training

The Respondent shall prepare, and include in the
technical specifications governing treatment
systems , contractor requirements for providing
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appropriate service visits by experienced
personnel to supervise the installation,
adjustment, start up and operation of the
treatment systems,, and training covering
appropriate operational procedures once the start-
up has been successfully accomplished.

4„ Additional studies

The U.S. EPA may require the Respondent to conduct
additional studies to supplement the available
technical data. At the discretion and under the
direction of the U.S. EPA for any such studies
required, the Respondent shall furnish all
services, including field work as required,,
materials,, supplies, plant, labor, equipment:,
investigations, studies and superintendence., The
Respondent shall perform sufficient sampling,,
testing and analysis to optimize the required
treatment and/or disposal operations and systems.
There shall be an initial meeting of all. principal
personnel with the Respondent involved in the
development of the program. The purpose of the
meeting will be to discuss objectives, resources!,
communication channel, role of personnel involved
and orientation of the Site. The interim report
shall present the results of the testing with the
recommended treatment or disposal system
(including options). A review conference shall be
scheduled after the interim report has been
reviewed by all interested parties., The
Respondent" s final, report of the testing shall
include all. data taken during the testing and a
summary of the results of the studies..

5,. Prefinal and Final Design

The Respondent shall submit, to the U.S.. EPA for
approval the Prefina1/Final design documents in
two parts. The first submission, shall be the
'"'prefinal111 submission which shall be submitted at
95% completion of design... After review and
approval of the prefinal submission by the U.S.
EPA, the Respondent shall execute any required
revisions and submit the final, documents to the
U.S. EPA 100% complete with reproducible drawings
and specifications.,

The Prefinal. Design submittal shall contain the
Design Plans and Specifications, Operation and
Maintenance Plan, Capital and Operating and
Maintenance Cost Estimate, Project Schedule,
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Quality Assurance Project Plan and the Health and
Safety Plan,

The Final Design submittal contain the Final
Design Plans and Specifications (100% complete) ,
the Respondent " s Final Construction Cost Estimate „
the Final Operation and Maintenance Plan,, Final.
Quality Assurance Pro j ect Plan , Final. Pro j ect
Schedule and Final Health and Safety Plan. The
quality of the design documents should be such
that the Respondent would be able to include them
in a bid package and invite contractors to submit
bids for the construction project.,

A community relations program will be implemented by the
U.S, EPA. The Respondent shall cooperate with the U.S, EPA
by participating in the preparation of all appropriate
information disseminated to the public, and in public
meetings that may be held or sponsored by the U.S.. EPA to
explain activities at, or concerning! the Site, including,,
but not limited to the findings of the Pump Test,,
Treatability study , Bio-Assay Test , Background Water Quality
Study, Groundwater Monitoring Well sampling,, Private Well
sampling , Effluent Toxicity Test ,, and Wetlands
Investigation.

The community relations support which the Respondent shall
be required to undertake should be consistent with Super-fund
community relations policy as stated in the '"Guidance for
Implementing the Superfund Program1" and "Community Relations
in Superfund ••• A Handbook:"" ..

The Respondent shall submit an Air Monitoring Plan
consistent with Section II. B. 2. b. (17) of this SOW.

The Respondent shall submit a Feasibility Test Plan
consistent with Section II.B.2.b.(7) of this SOW,.

The Respondent shall submit to U.S. EPA for review an RA Work
Plan (the RA Work Plan) which shall document the overall
management strategy for performing the construction „ operation ,,
maintenance and monitoring of Remedial Actions,. The RA Work: Plan
shall document the responsibility and authority of all
organizations and key personnel involved with the implementation „
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The RA Work: Plan shall also include a description of
qual if ications of key personnel direct ing the Remedial Action ,,
including contractor personnel. The Respondent shall submit an
RA Work: Plan according to the schedule identified in the
Submission Summary. The Respondent shall submit an amended RA
Work Plan incorporating U,S., EPA's comments on the Work Plan
according to the schedule identified in the Submission Summary..

Following U.S. EPA approval of the final design,, the
Respondent shall, develop and implement a construction quality
assurance (CQA) program to ensure that the cample ted Remedial
Action meets or exceeds all design criteria,, plans and
specifications.. The CQA Plan should be prepared specifically for
the Magen Farm, Site.. This plan shall be submitted to the U.S..
EPA for approval, prior to the start of .the construction.. At a
minimum, the CQA Plan shall include the elements, which are
summarized below as Section III Subpart, A through. E. Upon U.S.
EPA approval of the CQA Plan, the Respondent shall construct and
implement the Remedial Actions in accordance with the approved
design, schedule, and the CQA plan.. The Respondent shall also
implement the elements of the approved operation and maintenance
plan.

A.

For the CQA plan, the Respondent shall describe fully the
responsibility and authority of all organizations (i.e. ,
technical consultants, construction firms, etc.. ]i and key
personnel involved in the construct ion of the corrective
measure shall be described fully in the CQA plan. The
Respondent shall also identify a CQA officer and the
necessary supporting inspection staff.

B. fiPllSiJEE^^

The qualifications of the CQA officer and. supporting
inspection personnel, shall be presented in the CQA plan in
order to demonstrate that they possess the training and
experience necessary to fulfil 1 their ident if led
responsibilities.

c.
The Respondent shall summarize in the CQA plan the
observations and tests that will be used to monitor the
construction and/or installation of the components of the
Remedial Actions., The plan shall include the scope and
frequency of each type of inspection., Inspections shall
verify compliance with the environmental requirements and
include , but not be limited to, air quality and emissions
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monitoring record!-;, waste disposal records (e.g. „ RCRA
transportation manifests) . The inspection shall also ensure
compliance with all health and safety procedures. In
addition to oversight inspections, the Respondent shall
conduct: the following activities.

1.. Preconstruction inspection and meeting

Prior to initiating or commencing construction, the
Respondent shall conduct a remedial action construction
inspection and meeting with representative from the U.S. EPA
and WDNR to:

a, Review methods for documenting and reporting inspection
data;

b. Review methods for distributing and storing documents
and reports;

c. Review work area security and safety protocol;

d. Discuss any appropriate modifications of the
construction quality assurance plan to ensure that
site-'specific considerations are addressed; and

e. Conduct a site walk-around to verify that the design
criteria, plans, and specifications are understood and
to review material and equipment storage locations,

The preconstruction inspection and meeting shall be
documented by a designated person and minutes shall be
transmitted to U.S. EPA within fourteen (14) days after the
meeting.

2.. Prefinal inspection

Upon preliminary pro;) ect complet ion, the Respondent shall
notify U.S. EPA for the purposes of conducting a prefinal
inspection.. The prefinal inspection shall include
representatives from the U.S. EPA and WDNR and consist of a
walk-through inspection of the entire project site. The
inspection is to determine whether the project is complete
and consistent with the contract documents and the EPA
approved Remedial Action,. Any outstanding construction
items discovered during the inspection shall be identified
and noted, Additionally,, treatment equ.ipment shall be
operationally tested by the Respondent. The Respondent
shall certify that the equipment has performed to meet the
ipurpose and intent of the specifications. Ret.esti.ng will be
completed where deficiencies are revealed. The prefinal
inspection report shall outline the outstanding construction
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items,, actions required to resolve items, completion date
for these items, and date for final inspection.

3 .. Final inspection

Upon completion of any outstanding construction items „ the
Respondent shall notify EPA for the purposes of conducting a
final inspection . The final inspection shall include
repres(E!tntatives from the U.S.. EPA. and WDKR and consist of a
walk. -through inspection of the project site. The prefinal
inspection report: will be used as a checklist with the Final
inspection focusing on the outstanding construction items
identified in the prefinal inspect ion . Conf irmation shall.
be made that outstanding items have been resolved.,

A.

The sampling activities , sample size , sample locations ,
f rei:n:iency of test ing , acceptance and re j ect ion criteria. , and
plans for correcting problems as addressed in the project
specifications shall be presented in the CQA plan.,

Reporting requirements for CQA activities shall be described
in detail in the CQA plan, This shall include such, items as
daily summary reports ,, inspection data sheets , problem
identification and corrective measures reports, design
acceptance reports ,, and final document ation „ Provisions for
the final storage of all. records shall be presented, in the
CQA plan.

The Respondent shall prepare and submit to u. S. EPA plans,,
specifications „ and progress and other reports as set forth
in Tasks I through Task IV to document the design,,
construction ,, operation , maintenance ,, and monitoring of the
Remedial Action. The documentation shall include,, but not
be limited to the following;:

The Respondent shall at a minimum provide the U,. S., EPA with
signed progress reports during the design and construction
pihases and semi-annual progress reports for operation and
maintenance activities containing:

1. A description and estimate of the percentage of the
ED/ FA cornp leted ;;

2. Summaries of all findings;
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3. Summaries of all change!-) made in the RD/RA during the
reporting period;

4« Summaries of all contacts with representative of the
Ideal community! public interest groups, and/or State
government during the reporting period;

5. Summaries of all problems or potential problems
encountered during the reporting period;

6.. Actions being taken to rectify problems;

7. Changes in personnel during the reporting period;

8. Projected work for the next reporting period; and

9. Copies of daily reports, inspection reports,,
laboratory/monitoring data, etc.

13. Draft
1. The Respondent shall submit to U.S., EPA a draft RD Work

Plan and a draft. EA Work: Plan as outlined in Task I;

2. The Respondent shall submit to U.S., EPA draft
construction Plans and Specifications, Design Reports,,
Cost Estimates,, Schedule!:;, operation and Maintenance
plans,, and Study Reports as outlined in Task II;

3. The Respondent shall submit to U.S., EPA a draft
construction Quality Assurance Program Plan and
documentation as outlined in Task ill; and

4. At the completion of the' construction of the project,
the Respondent shall, submit to U.S.. EPA a Remedial
Action Implementation Report. The Report shall certify
that the project is consistent with the design
specifications,r and that Remedial Action is performing
adequately. The Report shall provide or specifically
reference all documents or material which support the
statements contained in the Report.. The Report shall
include,, but not be limited to the following elements:;

a. Synopsis of the Remedial Action and
certification of the design and construction;

to,. Explanation of any modifications to the plans
and why these were necessary for the project;

c. Listing of the criteria, established, before
the Remedial Action was initiated,, for
judging the functioning of the Remedial
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Action and also explaining any modification
to these criteria;

d. Results of facility monitoring, indicating
that, the Remedial Action will meet or exceed
the performanee or iterla;

e. Explanation of the operation and maintenance
(including monitoring) to be undertaken at
the facility; and

After achieving groundvater cleanup standard!-; specified
in paragraphs IX.B.2.b. (15) and I I.E. 2.b. (1.6)
respectively, the Respondent shall submit to U.S., EPA a
Remedial Action Report for these cleanup standards,
The Groundwater Remedial Action Report shall at a.
minimum contain groundwater cleanup standards and all.
groundwater monitoring data collected during
implementation of the remedy,.

Final

The Respondent shall finalize the RD and RA work plans,
Design Reports,, Construction Plans and specifications, Cost
Estimates, Pro ject Schedule, Operation and Maintenance Plan„
Study Reports," Construction Quality Assurance Program
Plan/Documentation and the Remedial Action Implementation
Report and Remedial Action Reports incorporating comments
received from U.S. EPA on draft submissions.
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The Respondent's RJD and RA work plans shall comply with the
following time table information reporting requirements:

__________pjje._DjliJeSi!

60 days after effective
date of Administrative
Order,

30 days after U.S. EPA
comments on RJD Work
Plan „

Within 30 days of U.S.
EPA approval of amended
RD Work Plan,,

60 days after completion
of Bio-Assay Test
activity.,

60 days after completion
of Background Water
Qua1ity Test activity.

30 days after approval
of Pump Test, and
Treatabi1ity Study Plans
submitted with RD
Work Plan.,

ED Work Plan (Task I)
(including plans set forth
in Part ill, Task 1)

Amended RD Work: Plan (Task I)

Implementation of RD Work Plan

Bio-Assay Test Report

Background Water Qua!ity Test Report

Initiation of Pump Test and
Treatabi1ity study for Groundwater

Design Schedule for Groundwater Treatment
Task'II Activities

Preliminary Design (30% completion)
including,, the results of
Off-property Pump Test,
Off-property Treatabi1ity Study,
and Wetlands Investigation.

Prefinal Design (95% completion)
(including Drafts of all
submittals set forth in
Part III Task II)

Within 45 days after
completion of the Pump
Test and Treatability
Study for Groundwater
Treatment.

60 days after U.S. EPA
comments on the
Preliminary Design for
Groundwater Treatment...

Final Design (100% completion)
(including all submittals set
forth in Part III Task II)

30 days after U.S. EPA
approval of the prefinal
design for Groundwater
Treatment.
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RA Work: Plan for Groundwater
Treatment (Task: 111)

Amended RA Work: Plan for
Groundwater Treatment
(Task: III)

Draft Construction Quality
Assurance Plan (Task IV)

Final Construction Quality
Assurance Plan (Task IV)

Construction of Remedial Action

Prefinal Inspection Report

Final Inspection Report

Groundwater Monitoring Report

Private Well Monitoring Report:

Effluent Toxicity Test. Report

Draft Remedi a 1 Act ion
Implementation Report (Task V)

Completion of Construction

Concurrent: with Pref inal
Design for Groundwater
Treatment,

30 days after EPA's
comment on RA Work. Plan
Groundwater Treatment.

Concurrent with Prefina1
Design of Groundwater
Treatment:..

Concurrent with Final
Des ign o f Groundwater
Treatment.

As approved in Final
Design.

30 days after Prefinal
Inspection.

30 days after Final
Inspection.

60 days after completion
of each monitoring
event.

30 days after completion
of each private wells
mon it or ing event,.

60 days after completion
of each toxicity test
event.

Upon completion of
construction phase.

As approved by U.S. EPA
in the RD and RA Work
Plans,.

Fina 1 Reiiedi a 1 Act ion
Implamentation Report (Task V)

30 days after U.S. EPA
comment on Draft
Remedial Action
Implementation Report.
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O & M Revisions 30 days after approval
of Final Remedial Action
Implementation Report,

Draft. Groundwater Remedial Action 30 days after achieving
Report the Groundwater cleanup

Standard.

Final Groundvater Remedial Action 30 days after approval
Report of Draft Remedial Action

Report.

Progress Reports for Monthly
Tasks I through V

Progress Reports daring Quarterly
Operation and Maintenance



SCOPE OF WORK
ATTACHMENT 1



CORRESPONDENCE / MEMORANDUM.

DATE: January 27, 1992

...;)> TO: Mark Giesfeldt •• SW/3

• FROM:; Duane Sdvuettpelz - WR/2:
'IF <SUBJECT; Projected Water Quamy-Basccl Effluent Limits for the Hagen Farm

Superfund Project •• REVISION #2

The purpose of this; memo is to summarize ithe water quality-based effluent: limitation,!;
recommended for the proposed direct; discharge from the Hagen Farm Superfund site to the
Yahara River in Dane County., Effluent limitations wens calculated for each of the substances
detected in any of the ground'water samples from the Hagen Farm site. Those limitations
were calculated using chapters NR 102, 105, 106 and 207 of the Wisconsin Administrative
Code and are discussed below. Based on our review, the following recommendations are
made on a water quality basis for a direct discharge to the Yahara Riven

I) Jlf the discharger is able to demonstrate, unite :s. MR 2071)4 (l)(d):i that the siignii&aBl:
lowering of waiter quality in the receiving water that may result :£rom the proposed
discharge cm be promoted ;in a ccxsrt-cjflectivi:: manner either by pollution control
alternatives, alternative treatment technologies, or alternative discharge locations,, the
effluent Imitations an:; as follows (based on 1/i! of the available assimilative capiadty iin the
receiving waiter):

Daily Weekly
Majc._.. Average
IM/LL
D.,-T:f * 0.20 *
0,096 * Is!

Arsenic
Copper
Iron
Lead
Mercury
Nickel'
Zinc
Ethylbenzene
Toluene
2,4-DimethyIphenol
4-Chloro-3-MethyIpheno1
Phenol
Bis(2-chloroisopropy1)ether
13 is (2 -ethy Ihexy 1} phthalate
1 „ 4 -Dichl .orobenzene
Diethyl Phthalate
Naphthalene

Weekly
Average

Monthly
Average

1.4 *
3.1 *
5.1 *
0.54 *

45

1 ,. 3
0,032!

0.2 *
11!

0.032

0,002 (monthly ave.)

0.12 *

2 „
0,
7,

1.1

1
03
0

38

3 .. 4
52

6,. 6

2) If the discharger Is; able to satisfactorily demonstrate, under s. NR 207.04 (l)(d), that the



siigniiifiicant lowering of water quality in the wwkhag water that may result from the
proposed discharge can. not be prevented iin. a cost-effective manner either by pollution
control altemativea, alternative tteatmem tedmologiei, or alteniative dischaige locations,
the effluent limiitaltiiomt are as tbDom (based on tbe ftiilll available assiiniiiilathre capacity ini
the receiving waiter):

Daily Weekly Weekly Monthly
Max. Average Average Average

Arsenic 0.73 * 0.60 *
Copper 0.096 * § 0,032 *
Iron ::i. 9
Lead 1.4 * 0.16 *
Mercury 3.1 * 0.002 (monthly ave.)
Nickel." 5.1 * 0.61 *
Zinc 0.54 * a 0.12 *
Ethylbenzene 45
Toluene 23
2,4-Dimethylphenol 2.1
4 -Chloro-3 -Methyl, phenol 0.03
Phenol 7., 0
Bis(2-chloroisopropy1)ether • 113
Bis (2 --ethy Ihexyl) phthalate 11
1 , 4-'D:l.chl.oroben2ene 10
Diethyl Phthalate 52
Naphthalene 6.. 6

* •• The radicated limitations may be reported in the "total recoverable" form if such a test is
available to the discharger,

@ - For copper, mercury and zinc, no assimilative capacity is available in the receiving water
because that rapacity has already been allocated to the existing: discharge from the City of
Stoughton municipal' treatment plant Any new discharges to the Yahara River will have
effluent: limitation!; equivalent to the appropriate water quality criteria in the form of a
concentration limit that will be applicabile at any discharge rate. 'For that reason, no mass
limitations shall be recommended l:or ithese substances at this time. Any additional dischaige
of these substances is allowable only If a poirtion of the capacity allocated to the City ol:
Stoiuglnton outlaU (MKI. is reassigned to Hagen Farm,

lit is; reoDnunended thai: the set: of the above limitations which is deemed appropriate based on
the s.. NR 207.04 (l)(d) eivaluation should be aocompanied by a requirement: to perform, alt a
mininrain, nionihly teisting for a period of up to six months following coinniencemetnlt of
discharge, Following itlie conclusion ol that sampling period, effluent limitations for individual
substances may be removed irom the reaimtnended list: if those substances are not detected at
levels of detecdon equal to or less than 1/5 the calculated Limits for those substances. E the
level of detection exceeds 1/5 of the applicable linutation or if the substance is detected in tiie
discharge to iiurfaoc: water,, the need for limitations and/or monitoring shouild be re-evalumted
by this Bureau using the procedures in ME 106.,



The above limitations should be compared to Best Available Technology limitations,, where
available, prior to final recommendation to the discharger.

3) Whole Effluent Toaddily Testing Recommendations:

Language for Superfund Site discharges is currently undergoing discussion and revision
between our Bureaus as well as the Bureau of Wastewater Management. The folowing
recommendations are made pending 'the results; of those discussions..

Based on the absence of biological data leading to the overall uncertainty regarding the
potential for whole effluent tenacity and the proposed water quality-based chemical-specific
effluenlt limitations derived for several toxicants identified in the contaminated groundwater,
the following recomnendation is provided::

Acofce: Acute tenacity test batteries are recommended with three freshwater species at a.
frequency and duration of once each three months upon commencement of discharge for the
duration of the permit. Due to the highly contaminated nature of the wastewater from the
Hagen Farm Supedund Project, it is further recommended that the discharge be ceased
immediately upon the failure of any one acute tocdcity test battery.

Chronic: Monitoring for chronic whole effluent tenacity is not recommended at this time..

The chemical-specific recommendations are addressed in moire detail in the following
discussion.

Effluent: limitations for a discharge to an unnamed tributary of the Yahara River from the
Hagen Farm. Superfund Site were calculated for each of the substances detected in any of the
groundwater monitoring wells at the Hagen Farm site that have water q[uaii:i:yr criteria in ch.
NR 105, Wis. Adm. Code., 'Those limitations were provided in my memo to you dated
November 15, 19911 That memo is currently being updated to address several additional
substances.. The October 11, 1991 Feasibility Study for Hagen Farm also addressed potential
discharge to say of three sites located along the Yahara River downstream of the Stoughton
municipal treatment plant outfall,. This memo shall address those new discharge sites. Since
there are no major tributaries entering the Yahara River immediately downstream of
Stoughton, each of the three proposed discharge sites shall have the same effluent limitations..

Background information used in calculating effluent limits for the HJagen Farm Superfiirnd Site
was calculated using instream data obtained above Stoughton's permitted outfall and effluent
data from the City of Stoughiton discharge. The background data issue is discussd in more
detail below,, The general infonnMbn used in calculating effluent limitations at this location is
summarized: in the following table::



lEFIFUIEMIT UWir OU.aiUUrillBII!Si FOIlt:: nagm furm iniipnrliunril Site
Itl-GHUHKi lilltTlflC Vfltaira Hivi'ir

met INFORMATION:
CLASSIFICATION: MiinnuiiiKnir Sport fish, Non-Public Wattr Supply
RECEIVING WIElt FLOUS <cfs>: 7CI1II) 702 Clavw Stoughton 001

14 35 156 2.5!! (1.65

iti-a-iviHi; iiAiriEX HARDNESS « 300 PPM
EFFLUENT uiARMEiss <« 310 mi

The Yahara River, as shown in the preceding table, is currently classified as a wannwater
sportfish community. That classification is consistent with that used in the evaluation of
effluent limitations for St:ou|E;|]Ll:on outliall 001 (s;ee next paragraph).

Outfall. 001 for the permitted discharge Irani the City of Stoughton (WPDES permit number
WI-002Q338-4, issued February 28, 1989) is located just upstream of one of the proposed
outfalls for the Hagen Farm Site. Effluent: limitations for toxic substances using NR 105 and
106 were calculated for Stoughton as presented in a November 11, 1991 memo from me to
Roy Lembcke of Southern District. Since the City's outfall is located so close to the prorposed
outlall and has effluent: Limitations that were, in part,, also based upon the abo^eHcnendoned
Adixuicdbntrative Codes, the existing; or allowable discharges through thai: outfall may influence
the ambient ccmiOKntralions ol: substances found downstream at the landfill site., 'Those
ambient conceotratioins are used to calculate weekly and monthly average limitations,, so as the
ambient level: of a substance increases, the allowable amount that can be added by an
additional discharger in the vicinity decreases. To delenmne the ambient concentratioiB of
the ;substances evaluated at Hagen Farm, it Is necessary to perform a mass balance using the
concentration;;! upstream of Stoughton outfall (Mil, the most stringent limitations for isubslaaces
recommended for Stoughton's WPDES permit in the November 11, 1991 review, and the
mean effluent concentrations of substances not recommended for WPDES permit limits in the
November 11 Stoughton memo. Those concentrations, as well as the results of the mass
balance, are summarised (in uniis of ug/L) in the following table,.
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Hagen Farm's daily maximum effluent liiBitEi.1:io>ns were calcdated biased on twice the NR 105
acute toxiidlty criteria (ATC) where available, pursuant to s. NR 106.0(5 (2). I£ for a given
subslanice,, an NR 105 criterion is not available, the daily niaidmum effluent limitation equals.
the lowest species mean LC50 value for aquatic species considered among the wannwater
sportfish community subcategory, which represents the classification of the Sheboygan River
pursuant to s. NR 102.04 (3). Those timitations are summarized in the following table..
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Since a ;speciJEiic effluent discharge rate was not proposed, the weekly and monthly average
effluent limitations were calculated based on the: available assimilattp/'e capacity in the Yahara
River which,, based on the definition in s. NR 207.02 (1), is the difference between the
applicable water quality criterion for a substance and the existing concentration of that
substance in a siuiiaoe water. The anitidegradation provisions in eh., MR 207 are applicable at
Hagen Faun since this represents a new discharge. As a result, the assimilative capacity ol:
the Yahara River is converted from a concentration into an allowable mass loading in pounds



per day using the appropriate streamflow pursuant to NR. 106,.

Weekly average limitations based cm NR 105 chronic toiodty criteria (CTC) and monthly
average limitations based on NR 105 wild and domestic animal criteria (WDAC), human
threshold criteria (HTC) and human cancer criteria (HOC) are summarized in the fallowing
tables using the full assimilative opacity of line Yahara River and 1/3 of that capacity., The
assimilative capacity is determined using the 7-day, 10-year low flow for the CTC, 85% of the
seven-day, two-year low flow for the WDAQ and the mean annual flow for the HTC acid
H'CC, 1/3 of the assimilative capacity using those flows represents the loading necessary to
cause a signifleant .lowering of water quality. For each of me various criteria, limitations are
calculated to address two alternatives based on the implementation of NR. 207. The
discharger is required to make a series of demonstrations if the proposed discharge would
result in a significant lowering of waiter quality as defined in s, NR 207.05., Those
demonstrations are contained in s.. NR 207.04 (l)(d) and are based on the availability of
pollution control and treatment technology alternatives, including alternative discharge
locations,, If the discharger is able to demonstrate that there are no alternatives available that
would satisfy the appropriate portions of s. NR 207.04 (l)(d),, the recommended effluent
limitations would be based on the Ml assimilative capacity of the receiving water., On the
other hand, if the demonstrations in s. NR 207.04 (l)(d) show thai: alternatives are available,
the recommended limitations would be based upon 1/3 of the available assimilative capacity in
the Yahara River.

Since the discharger may be required to make the s. NR 207.04 (l)(d) demonstration, effluent
limitations shall, be recommended here based on boithi of the possible results of thai:
demonstration. Therefore,, two sets, of weekly and monthly averajge limitations shall, be
recommended.. Those alternative limitations are .surnmaraed below and on the followinjjj; page..
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l:n addition, following initial effluent sampling for the abcwe substances, it may be necessary to
revise the monthly average limitations based on human cancer criteria if it is detennined ithal:
there is a concern over tine cumuilative cancer risk of the subslances present in the Hagen
Farm effluent.

Several substances are noted in the abcwe tables with no mass limitatioms,. Those suhstanccs
(copper, mercury and zinc) are water qualiily limited at the City of Stoughton outfall 001 using
the same criteria (chronic tenacity, wild and domiestic animal, human threshold, or human
cancer where appropriate) as those evaluated at Hagen Farm., In those situations,, Stoughton
has already been allocated the entire assimilative capacity of the Yahara River, meanmg there
is no extra capacity available in the river to handle new discharges such as that from the
landfill, The effkent ILmitations for those substance!; are set equal to the appropriate water
quality criteria since the Hajgen Fann discharge is introducing additional flow to the river on a
net basis. Additional dischaxge of those suhsltances from the Hagen Farm beyond those
ooncentratioms is allowable ojilji: if a portiom of Stou^htocn's allocated loading limit is reassigned
to Hagen Farm. Such a distribution of limitations between the industrial outfall and the
Superiimd Site should be handled through Stoughtein pursuant to s. MR 10(11.1., Any
redistiibutiion of the copper, mercury and zinc linntatioms may be acceptable to the
Department as long as a total maidmum load limit ei:|uivalent to Stougfaton's; current
concentration limits at the permitted discharge rate of 1.65 MGD at outlkll 001 plus the
discharge rale from the Hagen Farm.,

For each of: the substances evaluated at Hagen Farm anid detected in at least one of the



groundwater samples, the recommended effloent limitations (rounded) are summarized at the
beginning ol: this memo.. Where the calculated monthly average limitations exceed the weekly
average limitations, only line weekly avenge limitations are recommended.. Finally, where the
acute toxiidty criteria. are lower than all ol: the remaining criteria, only a daily maximum
limitation is reconunended based on itbat acute itocddly criterion.

II ithere are aoy questiom; or comments,, pilease coattadt Jim Schmidt (608) 267-76S8 regarding
(:li!M:[]jca:i"!i]>c:i::i:[;ii:: determioatioa!!:; Bob IMasnadoi (608) 267'-'7662 regarding whole effluent
toodcfty testing; or eifther John Sullivan ((508) 267-9753 or mysetf (608) 266-0156 regaxding
general ksuo.

PREPARED BY: APPROVED FOR

.
Water Resources Engineer Surface Waiter Standards Unit

ec: Tom Bainbddg;e •• SD
Lee Lkbenstein - WR/2
Mike Witt - WW/2
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HAGEN mm SITE,, w:i:
SOURCE CONTROL OPERABLE TOOT

FOR THE RECORD OF DECISION

Haginn Fan Sit«, Source Control Operable Unit
Damn Count y „ Hi iiiconm in

This decision docuaent represents the selected remedial action
for thin lagan Farm site, in Bane County, Wisconsin, Source
Control Opoitriiibla Unit, which vats chosen in accordance with thin
CoMpriiithaniiiiviii Enviroranentjiil Response , Conpansation and Li ability
Act of liiiSO (CERCLA) ,, aw ainnnndiiid by thin Sup inr fund Aniandnantw and
Rimauthor :l.:i! at ion Act of 198 ft (SANA) and,, to tha iiixtant
praot icable , tha National Oil and Ha xardouw Substance Pollution
Contingency Plan (HCP) .,

This daciaion ii;i baaiad on thi-i Adininistrflitiva Record film for thin
Hagen Farm site,.

The State of Wisconsin concurs with the selected remedy,.

Actual or threatened releases of hazardous substances from this
site, if not addressed by implementing the response action
selected in this Record of Decision (ROD) , nay present an
imminent and substantial endangernent to public health, welfare,
or the environment .,

This source control operable unit is the first of two operable
unit IB for the site, The selected remedial action for this
operable unit addresses the source of contamination by
remediation of on-si.te wastes and contaminated sub- surf ace soils .,

The imajor components of the selected remedy include;

« Within the larger area of contamination (ADC) ,,
consolidation of non-native materials from disposal areas
B and C into disposal area A with subsequent backfilling
of disposal areas B and C with clean soil material;

* Installation of a WDNR MR 504 solid waste cap
over disposal area A after consolidation;



* Xn-Situ Vapor Extraction of thin waste refuse and »ub-
inur:l! in oiii iiioiini in diinpoinal armia A;

* Oil!I!'-ginHI treatment through carbon adsorption;

* miiigaiminration of carbon from thin off-gam treatment?

"< Installation and Bainttnanc* of a fence around disposal
annas ,Hi, B,, and C during remedial ectivitisin;; and

* Diiimd and accents riiistrictioniii to pr<nv<ntnt installation o:C
drinking wihtoir wnlliii within vicinity of thm dimpHOtnal
anas miid to protinct thin cap,

Thin following componoiint of thin inelaictad ranmdy vill but nivaluatiiiid
during thm inEtpliniEnantation of in-Situ Vapor Extraction::

'" Diiktiiimination oil' tJhon optiimuni amount of iiiininantial
nutriaintiit («t.g. /, moisture* n:l.trog«tnr oxygen,, and
phosphate) to b<e «idded to the vainta refuine and sub-
surf ace soils in order to promote natural iinicrobial
activities, without decreasing the notess removal of the
volatile organic compounds through in-Situ Vapor
Extraction.

The selected remedy is protective of human health and the
environment,, complies with Federal and State environmental
requirements that are legally applicable or relevant and
appropriate to the remedial action, and is cost-effective. This
remedy utilize;-; permanent solutions; and alternative treatment
technologies to the maximum extent practicable and satisfies the
statutory preference for remedies that employ treatment that
reduces toxicity, mobility, or volume as a principal element.

Because this remedy will result in hazardous substances remaining
on-site, a review will be conducted within f ive years after
commencejment. of remedial action to ensure that the remedy
continues to provide adequate protection of human health and the
environment..

Valdas V. Adamk
Regiona 1 Adm in il trat or

Date
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KID aumra
TOM iSQE'sinwiD SITE, JSIXIKE GDinxoL OPEFMO: OUT

DIME OXIinr, IH:i::!!i::i::iM!xi:H

The Bagisin Warm Site (the '"Site") iisi located at 2313 county Highway A,
,!!j[:i|;irac>cl;[[i!!it«ily one nile east of thin City of Stoughton,, Dane County,

Ihm 10-acre Site is lEidtuated in a rural fiEurxounding that IJEI
di:ainated largely by sand ard graval mining and agriculture, Soil and
gnivnitl ndnirig opnniitionaEi are located noirttewuiit, northeast ard mouth of the
Site. The Stoughton Airfield ii» located adjacwt to thin narthMwt earner
of Urn Site. County Highway "A111 passes jurat mouth of the Sitat (Semi Figure
1).

Thin City of i-Jtcui^hrton ' IK njD'dcip'il wall® m:w loatted: q:pra»:inBtely thio
to the west:, and eic^ht private wells are locatad hdthiin 1,200 fieiert of the
Site., The private wells Iccated at tte Site are no larger in use.

350 pscple residet hdthin one mile of the Site,

The Site is located in the Yahara River wtersted, in an area of flat to
gently rolling topography* The Yahara River is locatad approximately 1.5
inilies to the West ard .Clews in a iEioirtherly direction., The land surface
generally slopes toward the Yahara River from topographically high areas
located to-fihe northeast and east. Surface water drainage in the area is
generally poorly developed, apparently due to permeable surface soils,, The
only substantial surface water todies in the area ares a pond locate
approximately 1/2 mile south of the Site and the Yahara River. There is no
designated Wisconsin State significant habitat, or historic landmark site
directly or potentially affected. There are no endangered species within
close proximity of the Site.

The Site is located in an area dominated by glacial outwash deposits , vihich
extend ^pprcocLcaately one-half media to the inortneast .. These deposits are
dominated by sard and gravel. Beryiard this, ground moraine and occasional
drumlins are encountered,, Lacustrine deposits associatad with Glacial Lake
Yahara are located approximately one-eighth mile south., Bedrock, primarily
sandstones ard dolciEcdtes, underlie the glacial deposits in this area.,
Bedrodk generally slqpes from the west to southwest ;, toward a preglacial
valley aiEiiiiociated with the Yahara River. The depth to bedrock: ranges fxon
50 to ISO feet near the Site.

The current Site topography is the result of sand and gravel imining and
waste disposal activities., Prior to these activities, the ground isurfaoe
probably sloped fruri the existing top:x:):rap:hLically high area located west
and northuesrt toward the southeast and east,. The excavated area in the
northMisst corner of the propsrty is flat. This; flat area is separated by a
ridge from the water-filled depresLsion located to the northeast.

Within the Site's larger '"Area of Contamination (AX)H, waste disposal took
place within three subareas. These jsubareas are A (6 acres, located in the



portion of thei Site),, B ard C (I, .5 acraai each. located in the
portion) (See Figure 2) , All three Areas resides within the

Sitiir'iii ftaiallly definedl MX, *Dm Sitmt baa been oovexindl with soil ard is
partially vimgiisrtated with gxasBeiiii and tall trees,.

Thin Site was operated aai a sard aind gravel pit prior to thin latnt 1950 ''s..
Cbiiierratioriim suggest gravel qperationii eroanpasaMEd an area bmded by the
aixmnit acpiiiiitin reed to tte unanit, tte former &±iroeter property boundary to
the: wiiiitt nil ttuii current pcqperty bmrdHtxy to the moctfa (Seei ipigura 2}',
Mining ppiKraticirnii reportedly tendnnrbiid apptraMlnmitely 14 to Hit teet belour

ExoHration my teuw oeaiiied at this depth dluuii to the
o!Er graugnduiater, more :l!inii grained materials,, or a ctange in sard

aind gravel quality,.

Ite gravel, pit mm then used for disposal of waste materials from tte late
USDs to tte ndd™l%0s, Duriing thtet period that the Site was qperatai as a

faoility, the property was owned tty Mara, Surdby .. The Site was
cperated !by City Disposal Q:xi:p;:iraition. City Dispceal xcporaticn was

purchased by Waste Hanagexent of HJL!«:ins:i.nr Inoorpxrated
City Dispxal was also the transporter of inudht of the waste that

was deposited at the Site. Ihei Site is currently oMned by WIWI, It is
kncHirn that Uhiroyal ,, Inooxporated ( "Uniroyal "' ) geTu-tra ted irdustrial waste ,
scxnet o:l! Which was dqfcsited at the Site beginirung sonietime! in 1962 and
continuing through August 1966.

Waste solvents and other various organic materials, in addition to the
municipal wastes, were disposed of at the Site, including acetone; , butyl
acetate^ 1-2-tlichloroethylene, tetrahydrofuran, solid vinyl, sludges
material containing methylethyl ketone and xylenes, and toluene. In a
103 (c) Notification submitted to the United States Environmental Protecti.cn
Agency ("U.S. EI-A") by Undroyal, in June 1981, Uniroyal indicated that POO 3
and FD05 wastes , Which are hazardous; wastes within the neardnjjf of the
Resource: Conservation and Recovery Act ("RCRA") , 42 U.S.C. 6901,, also were
disposed of at. tte Site., This site stopped accepting waste in 1966, prior
to regulation of haxardbus Majsrte disposal by RCRA Subtitle C.,

Beginning in Nweiinber 1980, in response; to complaints received from local
residents, tte Wisconsin Clep-irtment o:l! Natural Resources (inv;[[:iMRinl) began
oonductljiiig gxourdwater sampliLng at neaxty private water supply wells!
Saqpliing. pf tte on-Site! norutaring vnells during tte petriod ]1S30-19S6
indicated certain organic ooccpouncls ware present in the graurdwatar,,
inoluding benziene , .ethylhenz ;ene , tetrahydrof uran, :»yle!nes , and toluenE! ..

In addition, riearlQy private water applies on ad; j acent jprqpetrtiies harm also
shown deitectable levels of volatile organic confound!-1 (VCCei) . Ite privatii!
wells locatsd on tte Site had been impacted by acetone, tetrahydrofi uran,
vinyl dhlocride , xylene, trans 1 , 2-dichlorethene, and trichloroethylene.

In 1963, the States of Wisconsin brought an enforcement action for abatement
of a public nuisance against VMWI ard Uniroyal. At the same tine, nearby



nuiiidiiiratiii nit ttomi Sitm toroudht a civil action against Wftt ard Uhiroyal,
eieiiildbng civil dtDiaigiiiuii fox reduced property values and potential health
bfluiiinnliii nuiiiil.tiirig from graLnteter ard well coirtedj^tion. Tte State of
Wisconsin ct&ainsd a dianiiissal of its 1983 snfoxoanent action aqainst
and Unixoyal after tlte site MIS lifted on ths National Frioriti«t Hist
(•VFLP) , ' Ih 1986, the parties to civil litigation brought by the nearby
niiiidfiintisi to the Site against WVI and Oniiroya.1 reached a settlement:,. The
iiKinact 'teTiniEi of th& BBt.timiff.nt WHSWB a:infidg9t±i«il,, It is known, howraver,
thiiit era! of the tannin of tlte BiEittiaDneEnt rioqairaid WVH to purdteM thmi Site.
prcparty train Orxin Haigi-!nr ais MtU as othuar pnpaxty located adjacent to
tbiin Sitin., qxin aa;|i.dririg theenB propEirtiinm, WVI rvei tha 0trucl:Hreusi
coiwtructdid ttenion.

Dim Sitnt wun pcqEXiinnd far: ijiiicaundoni an thm Mlf'L am SeiptniiDcter IB, :IS1EI5,, Ihim
Site MIS place! on tbei HFL In July of :i.!:il:t7., Sutea:pe!ntly|r \>\WI and
Clrdroyal, thm two potentiadly responsiJblei partieE: ("PRFis;"} ratmiad by U..S,.
EPA in cornection \>i±th the Site to date, entared into an M[Ediii.i!it:ntiviEii
Order by Consent (U.S. EEft DocJoet No. VW 87-C-016, dated Septenber 14,
1987) (the "Oansent Order") with tha U.S. EEA and the WCIMR, In the Caraent
Order , WWX sand Ordroyal agreed to corduct a PennediaLl
Feasibility Study (MK!/FSlh' at the Site,. Aocordingly, in July of 1988 f
iup:in U.S., EPA iHippraval ., in contsultatian with the W':.KRf of ttmei recpired Nork:
Plans, field^ork at the Site ccraneinced.

cpemble units, which are being conducted concurrently, have! been
defined for the Site. Operable Unit ('"OU1") I, which is the Souroe Control
Operable Unit ("SCOU") , is intended to address waste refuse and sub-surface
soils ("Waste/sub-Soils") at disposad area A ard the two smaller dispoisal
acBas B and C. OU II, which is the Groundwater Control Operable Unit
("GOOU") , is intended to address the contaminated groundwater at the Site.
The CO approach was agreed upon after discussions among U.S. EPA, WDNR, ard
PRRs during the early phase of the irplertientation of the Work Plan for the
HI,

Ihes Ki: far the SCGU was oonipleted in early 19139, and the TechnicaLl
Nsiccorandum for the SCCU ms e;ubnutbed in kardi 19S9,. The KI for the GCDU
was imtiatai irt July 1989 ard the Teidhnical iMeitonu'dum for GCOU was
subritted in February 1990. Currently, additional field activities to
define thiii extent: of plume migration <ara ongoing. Thei RI report for the
QCXJJ, Jbncluding tlte Erdangerixenl: Assessirrent, is scheduled for ooqpletion in
Jully 1991. The IfiCO for the> GCOJ is scheduled for early 1992.

A comunity Relation; Plan for the Site was f:inaLli;i:<Eid in Jlily :i.9ii!S,, This
doc- ::~ent ists conrtactai and interested parties throughout the local ard
i:pvri->rnaent conxurdty. It also esrtablishes connuaioaticn pathMaiys to ersure
tuely dissieininaticn of pertinent information. '][he> RI/TS and the Frqpcsed
Plan for tjhe SOOU were relieai-M-d to the public in July 1990. Ml of these
documents ware; made available in the information repositories inairrtained at
the Stoughton Public Library ard Klcngland Realty. An administrative
record file containing these documents ard other site-related documents was



pilLiEioiid lilt ttim Staiaglhton Bulblic Library. The notice of availability of
ttiiiiinni doaiiiiiiniKbii win published in thm Staugjhtan Courier-Hub and Ibdiscn

Illinium en .July 5, 1990. Pom releasies warn aim mot to all local
iiiindinu 1 puibllc ociminiEint period wm hodd from July 11, 1990 to August 10,
1990. In addition, a public nuntiing wun bald on A.igi»!it 2, 11990 to pxwent
I±H;I rMults of tte KI/F!ii and tha pmf tend altaxnativ* m pnieintiEd in tha
FropoiiMid Flna'i fix thin Sita. hll camm±n\ %(hich wiirin niondvind bf 0.!:!. Him
during thin public comment, peEriod, ixicluiing thorn laxpraased vii)dbOLlly at th®
puUii:: »nniiird.ni;i, an liddrasaed in tlte ]Ete!ipon!iiiviEiiniesi» i-iunoigDiuy hihidhi iin thiii
thinil iiniicLkin ccl!r tbini IflOEX.
h pjiblic Binniting wist helld on July 27, 1SB9 to eiplain tlte findLngtit of tte
R][ a-d thin qpieinlble unit approiiich., A fact istaEit worn dEirakpnd in
conrjunotioa with thim noiEiiiit.ing. MuHrtiistaniEints wn placed to «n:iunaEi tte
nesting m:!l a pcneset ireltetajsiie! wu-i sent to all local nnadia.. Prior to the
public 'naeting, U..S, EPA Kpre&en\:Mtiwm teld a ei-ipiimta IbriiEifijtig foor Tom
officials.
ilk, pren nilMiisie VBB tsent to local media on M?.w.:h 27, 1589 to upiEite tlte
coEEKiiunity on the pnxineiss of tenet County, WiiEiconsiin Superfund iiiiteu»f
inducing Eagi-n Fann.

to Ki: "Kictoff meeting was held on July 14, 1988 to (eixplain the Ki:
process. A fact sheet was developed in conjunction with this meeting.
MuBrtisaccents w&re placed in the Madison Capital Times ard StciL:i;;fh[ton
O::urii:!rHHDLib and a press reQ.ease was sent to all local, media.

Upon the signing of the Oonsent Order in July 1987, U.S. EPA held a 30-day
public ccranent period. A press release was sent: to all local media and,
advertisements were placed .

resporiiiie iaction is a final isource control operable urut and is
cansisteint to the naxinun exlbent. practicable with Section 300.430 (a) (3) of
the National Contingency Flan ("HCP") . This final source control operable
unit is being iaipleinenbed to prcuted:: human health and the environment by
ocntxolling the migration and reducing the volume of contaminants from the
W!:!L!-;ti:!/!!i]iib-!;;al.L!ii to the grouncteiter. This FOD addresses the soucroe of

o::inta»iirationir namedy the waste muss in the M'.C coins isting of
A, B(, and C ard the underlying conrt:aoE[iinata:l

KiuroiEi control action, toy reducing the taidcity and controlling thai
o:l! contaminants, is fully coins istent with all future siti-i'wark,,

incloling the ongoing groundwaiter jjT/estkjatiori at the Site. ][jn addiLticn,
this action will positively affect the oast of the final groundwater remedy
by limiting the axccunt of grcurdwater that is likely to become contaminated
from this source.

The media that poses the greatest risk is considered to be the grounclwater
contairainant plume., The oinbaccainate:!, V<fasbe/iEi;ub~-Soils are considered to be a
long-term threat, 'to human health and environment , primarily as a principal



iiiouron of groundwatar contamination. Thai VOQEi in the Ifestfl/sub-Soils are
ocininiitenid to bin the principal thxioat for this sax,

Thin gxointattt' oontaiodnnttion prablaoot will bet addressed in a future o;:o[;r|p
Record oil! Dincision which im expected to be the final action far: the Sit®...

Thin FS identified two medial objectives for the SOW baunad on the data
dbtainedl during the RI and the possible expoisunEt routes idantif.ia:L The
objectives identified in the FS are;

1) To niduoii or indniniLLiw dinct contact with oontaninatmd wastigi and
moils; Hind,

2) To nduon oor nidnindze riEtleaiw of coinrbinndrantiii to thin gixiunduater,

In March,, 1989, a Technical IMenioniLrdum for the SCOJ was ccixpleted under the
guidance and ovei:sic:(ht of U.S.. EPA and WIOTi. The IFiangdial Ijiwesti^atlcn
(I.e.,,, Techrdcal Mraiorandun 111) far the SCCKJ vns to liertendni!! the nature
and extent, of oonbESDcninaticn at the source, and evaluate possible

Ite report: suiroarized all soil -gas, tast-pit^ liioll,,, air, and
on-site grcundMater analytical data that had been collected. ' This report
should be consulted for a more through description of the site
characteristics;.

The following are the results of RI at the Site:

••• Based on the geophysical survey, soil -gas, and test-pit survey, it
appears that most of the waste disposal activity occurred in disposal
area A, Disposal area A enooii!ipci.sses approximately six acnes (100 feet
long and 400 feet wide) . The wastes within disposal area A are buried
to a depth of two to tlri:nee feet near the eastern edgne<p to a depth of 16
feet near the center. Eight feet is the average overall thickness of
buried wastes . The volume of waste for disposal area A is estimatai at
67 ',650 cubic yaniiii,, The tasrt-pit. survey and refuse borings indicate
that the type of waiste present in disposal area A incluieai! plastic
lEihaerting, pEsper-coarted plastic, paint ahjoge, grease, mbber, and
umioipal waste, isudhi m wood, glass , paper,, an:3l iso-ap natal. No drucns;
went diiiiowered during the test-pit ejccavation activity.,

Based upon refuse ]tx>:ruigsjr test-pits, and groundvrater table
nieasurements,, the bottom of the wastiei refuse material is leisrtimatai to be
10 to l!:i fast ESibove the seasonal high water table in disposal area A.
The voluras of unsaturated sub-uasrte soils for disposal area A is

112, 000 cubic yards;,,

Disposal areas; B and C seen to contain cnly iscatterai domestic
wastes., A geqpihiysdcal surviey, test-pits and soil gas tests revealed a
stall quantity of municipal waste in disposal areas B and C. It appears;
that disposal areasi B and C were not usai for the disposal of industrial



Siuf kind moils am thin or absent over most of the waste refuse
Tte wrote is iLiiniiiatiJinited,, Contaminant Kwnnnenl:: through the waste oocum
as surf nice winter peroolates into the waste iniiuns and dissolved
coirteniiwits .infiltrate thrajiEjh underlying uneaturated soils to the
water table., Sail erosion could contribute to mine inoveiDEient of
a;»rabrainaintsr butt im not oaraddend a primary pnthiway bnceuee thin Site
hns a riidathnnly flat, vegetated! topography.

Dicing the eoJil-gani suvay, mini detected include aoetonni, benzene,
tciuenii, 2-hBonona, •thylbanzora, and :uylanein., '][!hie distribution of
WCm J!B dinipaeal ana A iiippnan to be fidrly ecatbamd,, houuin/er, mo
detects oocunredl in the ncortltiMiett eecticn of dispcainal area A,

Tb detannine if the wascte wes l^c:taracteriLsrtic41'1 aonanlLng to
Subtitlia C,r an Edxaction Rn:x:»Edure ('"EP") tadlcity ard FlaiEEiEiuiibility
teiEit wins ocinductai on a ccnp::sitiE! isanple of refuse baring inni eoil
boxing liipoile, FessultB of the EP toxicity chiiir^cteriiirtic tmet imdiaite
that the waste xeftxse does inol: eidiLbit Elf tOEKicity am def ined by
Hieoonein Mndnisrtntive Cbim (l1W,Clr|,) NR

detected i;n the scurce dmracteriziiiticn WEEtlJLs
beneath dijsposed areii A) include tetrahydrofurstn, jjyienes «irl±tylbenzene ,
toluene, ard 2Haitanone. The highest concentrations of these a:]i]]p::iards ,
such as Itetrahydrofuran (630 parts per million (ppro) ) , xylenEis (35 ppm) ,
ard 2-*utancne (4400 ppcn) were observed in well SCW4, near this i-icutJtern
end of disposal area A. Semi-VDCs, such as benzole acid (29 pprn) , 4-
lEcethylphanol (6 ppn) , ard phenol (6 ppm) were also cfebected in the
groundwater at the Si'te., Table 1 summarizes; the VCC and senii-WC:
grouncjwa'ber ooncentraticri data.

The results; of the air analysis indicated low concentrations of a nurtber
of VDOs, ganerally below 10 parts per billion (ppb) , in each of the
KiCEiiplei-i collected, Two oonipounds,, niethylene chloride and
tcid-dcrofluaroinethaine, ware detected at hicjjher ooncentratian!» in the
samples (iappraxiniiiitely 100 ppb) . Hwever, tlhese ocmpounds were also
identified in associated trip alLanks;,. Air VCC oonoentraticins measured
from dohindjrd location WBT& not isdtetantially different fracii thcee
iDDeacsiured at the other IccaitioniEi. These data da not identify uin
atxoEipheric gnsdient of WCs acrces the waste arm,, because the type and
magnitude of VOCs identified from ixpwird samples; ware similar to

lihe fioreened datta for the waste refuse indicate that waste refuse
natariad at the Site contains senai"'UDCBir such as; :i:iut:,':i.!:)(i!n;!:y]li:iht:l'].:i.]L(c!lM:!
(18 ppn), and bis(2-ethylhexyl)phthalate (120 ppn). Low levels of paly
dhlorinated biphenyls ("'KBs'11) , in the range of 300 ppb were also
detected in the waste refuse (See Table 2)'.

Surface water does not appear to be a direct pathway for contaminant
ndgration,, due to a lac);, of an ei-stablished surfaoei water drainage



:iteth««:iriB, based on surface water quality results and
Intend groundweter flour paths, it rorcpaen the drainage ditch east of
that Sitei land Sunby' HI pond to the south are not groundwater discharge

Ttua neulte of ths RX at the Site indicate that the waste refute materials
in disposal area A have been and oontijrunt to bBt a BIOUXOB for ifl!ub"surf BOB
•oil arid grcundwatar cxxitaoination.

Thai :l.nvniiEi:l:.i:;|!!iticin for tte grouiniteter contamination at then Site iiii expected
to bat oogopLaited by the (Bind of 1990. Lnitial neultai of thiai
imdioate thatt the groundkater flcns to thai mouth and that the ocniitaodnianl:;
pliLUit nteindm aiouth of thai pond looaited ooBHhadf mdlflt fxant the Site. The
laact boundacy of than Biouttern edgai of the plume has not ywt beeani
detemined. isiiiivian :re!E:idenl:.iaLl mils looatad dowingradiiant of the Site were
sampled on Augaatt IS'ii'Ci for my potential iioopact :ton the contandnant plu»De,.
More diEitaiLa of the mature ard extent: of the groundMater conrtaminant ;plu»oe
will bat addresEEM-d in the lEiubstequent GOT.

This sect:ian qualitativiELly describes the: risks posed by contaminants In
V3asbivrsub~5o:i.is to hunani health ard the environment . IBased on the
histjorical findijngs an! art-site groandvrabg>r data, Whdch exceeded the
drinking water ajnd groundwater quality stardards of the U.S. EPA ard the
WNRf respectively,, it is determined that remedial action is needed to
address the source of the groundwater contamination. Because this remedy
is a source control operable unit, a final baseline risk assessment: for the
Site is not available. No quantitative risk numbers harve been calculated
for exposure to site contaminants. However, qualitative risk information
is organized ard outlined below to demonstrate! that action is necessary to
stabilize the site and prevent!: the degradatian of the grour«:teiti->r. Tte
baseline risk assessment far tte Site will lt;e oorducted later during tbes
GCDU phase.

The greatest risk present at the Site is from the groundwater
ocaritaiiiination, However, the iscurce of the groundwater contamination is the
a::irrtan]dLjnaition found in the Maste/sul:H:!oils at the Site.

The follOid:ng is a qualitative discussion of the site ris)ts»

(A) CoirirbErainants of Cbnoetm

The following chemicals haw been detected in soil gas, leachate and ont-
site grcunintater walls at ooro-intratioriiEi tstoaw backgtxurd , a:nd screened
waste refuse analyses and can be inferred to be present in source wastes.

Ethylbenzene ,. Benzyl alcohol , bis (2-«hloroisppropyl) ether
TDluteme .. Phenol . bis (2-<=!tl-iy.].h«s^>:yl)];:l-)tJht!!Ll!!iti:i
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,. lyleineiiii > 4-Methylphenol ., 4-chloro-3-iiiBthylphsnol
2 ,4-Oinethylphenol

;i!-]Sli.]ti!iini:iniii . Betook: Acid . di-n-octyl
Vlryl dbdaodite . Naphthalene .. 1,4-diclilorcbenzene
lontoiiini . Dieldrin .. 4 , 4--DUE

• FOB

:ta addition, ij[iic:in;|i!inic oanpounds such IEUEI lead and barium vere also detected
Hi thin Site at concentrations abom

compans thas o:n:H9ntxi!itlcnii of these coinrbsaniruEurits dnitinctflid in
gcomtatinr «it thin Site with Ftateal and Sbiitin Stiurdunte, Am indksartiid in

tailblm, tte liEiviEils of oontanadnantiit ftund at tte iiu:uroiii
ICiur CKDiiiiEd FiEK-lenil and State iiirtandaDte, Per the ctisiii of

the mrt frequently detected conpound at the Site,, the
LEMEI! '{1:30,000 ppb) is 112,600 tinEis higher than the State
enfoixeinient iiirbiiindurd (50 ]|;i|:ib) , llhds data cleaxly indicEites that the

are acting m a mxroe ol! grounteter o^ntaanination,. This
will continue to load cointacdjwits to the: grcunArater unle»

by a reinedLEil. action.

(B) EHpoi-;u:re

The exposure assessment identifies potential pathways and routes for
contaminants of ooncexin to reach tte receptors. The potential eaqxisure
pathMEiyiS are: exposure to air endssions from the landfill, direct: contact
exposure to oantanunated waste and soils, and exposure to contaminated

At. present, the wastes do not appear t:o Ike a source of exposure via
inhalation of volatilized chemicals. A preliminary evaluation of airbient
air quality at the Site boundary did not. identify an elevated level of VOC
QDdssions. in addition, active generation of landfill gas, which can
facilitate VOC emissions, is not occurring at the Site. Based on these
preliminary air quality data, it appears that the air contaminants release!
fxocci the Sit!-! to tte downwind residents do not. pose a risk to human health
or tte environment,

Master at the Site are covered with approximately 1 to 3 ft of soil, much
erf Which supports thick vegetation. However, same areas of the Site are
not: vegetated and lEstar exposed waste material ., Therefore, a potential
exists' tar direct human contact with waste, ihe most likely 'population
group hthich iinaiy cam in contact: with tlte Site is anticipated to be periodic
'i::respasiEie:n,. This population group is snail, because the Site is secured
train incictental trespass by a fence and because the location is in a rural
area which is not heavily populated. These individuals nay incur
contaminant exposure by skin contact with waste and by incidental ingestion
of waste mLterial adhering to hands.

Contaminants contained in the. waste have affected gn:iunteter in the
vicinity of the Site. Data dbtained from co-Site groundwater indicates
thsit sdbetant ial amounts of cantandnants havB been released from the
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W!!ii!i:bii!/'iiii;il:>'"lilGdLL!ii to the grcundhoter. Resent ris)<s tram the grounduoter are
uni!u::oiii|;il::i!il:!l'ii, M iiihcwii in Table 3, thin contaminants in ths on-sits

incuDiiiiid Federal and Stait/m Standards , Continued leaching of
contaminants f ran the Htete/sub-Soils to the groundwater will result in
continued unacceptable risks. Should the contaminants migrate to existing
private veils, or in the unlikiiiLly mvmnl: of ftitun iiiitin dBMtlcpcaeEnt
imolving tlte iriGctanatian of a wiittiEir ni'uspply w011ir contiiuxdLrant «!E»poi:iu:re via

wot ard coosunpticn nay occur,. Mem* detailed (ii^aluation of both
current and future potisntial huDan health ard lenwlroinpient risks
with aantisndrated groun:taiter fiKKpwurm will be adtaHEsed in iin:il:)iiia:pent
iiitepii; of QCOU,

lnq;a<iiigDin»irtation of the iseLiicted raimdy »un presentai by thdfli SO'XI will
nduoii (iKMpciiiiurm to ocintaminated i!ioili»ir control air endj»:[.onei<r ard minindice
or iredjoin oontinndnant migration to the graurdwater,

(C) ElrnrJLixininental

Ihe natural habitat existing prior to sand and gravel mirdng qperaticro at
thB Site was destroyed. At present,, the waste d.i£;p:isal area LEII covered
with a layier of soil material Which mjpports vegetation primarily
consisting of grasses; and ether herbaceous plants, with same tail tree®,.
lids area is likely frequentai by wildlife ijncluding birds, simll
and deer. Mthough an inventory of plant and animal spEicies has not been
perfonned, the Site is not known to be irihabitad by rare or endangered
spsciesi,. land in the vicinity has been developed for agricultural , mining
and cccmercial purposes. Sensitive ecological habitats "(e.g. , wetiands)
are not in close proximity to the Site., The site is not in* a floodplain.
The potential adverse impacts of Site wastes on the surrounding ecology are
not considered appreciable in ccrparison to the loss of habitat which"
historically occurred during the active sard and gravel mining phase of the
Site.

[s;M^
No significant changes have been made since the publication of the Ef> and
Prop:»sai Plan in July 1990.

Mternativeii! for the reniediation of ocintaminatedl Wa.s-tis/fl'ub-soili-i,, wexe
dev'elqped to achieuB the following goal®;:

minindxe tte potential for direct contact with the contamination;

minimise the potential for migration of waste/sub-Soils contaminants
into the grcurdwater.

A conprehensive list of appropriate remedial technologies was identified
for Source Control,, These tBchnolcgies; were screened based on their cost,



Li!

:i]]i|[:i]biiiiiiinn(l:i!ill:i:l.:i.it'jr and effectiveness, characteristics of thin Site and the
dtiiEioictinriinldoit of thin oc:nirtaaidni!ints, Technologies Which satisfied the
initial iiiicniiiiindjtig nguirenents were ref iniad -to tarn remedial action

Ihs five alternatives developed axe detailed below.

'lEibun iiicuroin control altsxnativat are::

"< JUteKnativ* :i.: »:> Action;

* Altacmtiva 2: Gapping;

«' MtaTinitiwiii 3: IrH-iitu Vapor Extraction md Gapping;

* MtiK]CTunt±wiii 4: Miiuiita Ociiiiiiblidatioint with Eicacgkal Ttimittngiartt:.,
EKtnctlon and

"' MtiKiETUiitiviEi 5:; U'usrte Eicravation with airir-Sitia BiidLniExation,, Vnpor
EKtractian and Capping.

A descriiption o:l! «ac::h ol! -tteste qptioinis follow!-!:

Xhis alternative is <avaluiiiti:d as re:pi:i:Bi by tlte !MCP to diatedns! l:te
public hsalth, public weafan-! airid lenu'iraranental ccnsa::[i:u:tncea of l:a)d.nc:| no

materials (i.e., solid waste materials) as detendned Jtasied on
inspection, loc::ata:l. within disposal areas B ard C wculd Ite

ocnsolidated into disposal area A before cap construction begins, although
.additional fill material may be required to satisfy miniiam slope

Gradinc:| wculd be aooonplishiad usiing acinviantiarial
construction ec:|i.iipent. The final grade would be constructed so that
priacipitatiari Mould be dincted away :(!roni tte souroEEt i^aste., Drainage
fiiwalesi would be coftstructsd to direot runoff to \wt:±i existing !;;urface flour
patterns, After tte desired slope is obtained, the neoesjsai:y cap inatedials
would be plaioed,,

In tte Ri(, three types of capi-t were coins iderad: cappimg to upgrade tlte
existing owiar to meet the requirements for faoilities without ,'an opemdLtig
license* (i»i». ( an MR 181. 44 (12) cup); grading the ex±srting cawx to meet
the reqiiiinamiEiirits of a solid waste cap (i,.e,,,r an KR 504.07 or Subtitle ID
cap) ; and upgrading the existing cover to meet the closure requireBients for
facilities with an operating license (i.e., an KR 181.44(1:31) or Subtitle C
cap) . Figures 4 thixogh 6 describe! typical details of these caps.

Closure of the Site with a RCRA Subtitle C cap is a potentially relevant
and appropriate requireraenl::, becaiuse KPA wastes: (i.e,,,, FOG 3 and FWS
listed waste) were disposed of at the Site. IBecause l:Jhd.s alternative does:
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mat involv* my treatment to radinoe the nobility, toxicity, or volume of
MiEuirtin,, it Hiiniin diiirbninnined ttat thin wire inDpenmaabliiii capping option afforded
Icy ftfetitla € and. m 1131 wis both nitwit ard appropriate under this
•ItKnativ*. ThBTBfom, only thin Subtitle C cap will be evaluated for this
alternative during the comparative analyses. No treatment of contaminants
is involved in this alternative,

aap would bm designed to caw; disposal area A. The area to be capped
isi anpradaately 240,, 000 mq ft (5. ,5 acres) . the capital costs of this' '
alternative is apprcodnately $2,751,000, and! annual Operation and
NidntsniEuroi) (00Q court is $8,899. Tta 30-year Present Worth (FW) ccet ini
$;!!irlE)SI3>irOC)0. The amount of tinaiEt neoessaxy to iiDDplement this
w:iuldl be 7 moniths.

In tjhiim altarnativ«i!|r the Maste/sutHfioils in disposal area A would but
treated using In-Situ Vapor Extraction (JS'VE). Gas is extmcted :l!:n::i::i the
iMEiLiiitiii/itfub-Scilii! through extraotion wells pOLaced jErtrategically at the Sitei,.
Ite gas travels from the wells through header pipes using a blower, Tte
of f^gasaiit would be treated and disdhLarged to the atcnoefphere.

Vapor extraction is used primarily far treat ing VDC contamination. A vapor
extraction system is relatively inexpensive and allows for process
flexibility "during remediation activities. The major oosts for this
technology are the installation of extraction and injection wells, The
number of wells used may vary during operation to improve system
efficiency, By treating the Waste/sub-Soils in place without excavation,
release of untreated contaminants to 1:he atmspbere is avoided.

Prior to the implementation of in-Situ Vapor Extraction, non-native
xnaiterials from disposal areas B and C will be consolidated to disposal areai
A. Aj;:p:t)xi]natedy 37,000 cubic: yards of fill is needed to bring araai A up
to reguired slcpea-i before; cap placement, consolidation o>f solid wiaste
materials from areas IB and C will provide some: of the reguired fill
material and will ensure that all site waste materials are properly
confined. Then a low pernBability cap, which meets the reguireiiients of KR
504.07,, me, will bet installai over disposal area A (see Figure 5). I!te NR
S04.07 cap would reduce leachate product ion by reducing inf iltration and
would contrail moisture content in the Maste/subHiiodls to iniproFvie the Vap::i:r
Dttraotkin isi^is* ti-sm perfoxmance.

M isrtatai for Alternative 2, a PGRA Subtitle C cap would be potentially
relevant and appropriate., The. U.S. EPh ard WNR haive determined that for
this particular Alternative, the Subtitle C cap, while relevant, is not
appropriate because construction of the ISVE lirystan would impair the
integrity of a Subtitle C cap. An NR 504.07 cap will provide an adequate
level of protection when combined with treatment and can easily be
repaired after installation of the ISVE system.,

For the discharge of off-gas emittai from the Vapor Extract ion procedure,
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Ml 4115,, WC, Oontxdl of Hazardous Pollutants, im an AR1«. The off™
gaiiniiiiii iMiciuUl bin tnatsd using a carbon adsorption system in order to meet MR
4115,, IKliC,, liSpiiint carbon or othmr niEiiduieiEi tram Urn off-gases treatment
preoihiniii Mill te sent back to the iniimuCacture to be regenerated,

During full-seal* ISVE iiplsBsntaticn, a tnatability study will be
psrfozBsd to dstsmim tte feasibility of enhancing the raitoral
JI:dodegi:adiKt:l.oni of organic:; compound*,, The treatability study would be
designed to dmtanidne the optimum laooEDunts of nutrients (e.g., , moisture,,
oiiEYgiin,, rdltxoqnn,, airidi utaEiphate) to bin addiid to thin MS!isbi/Si±MiiolLii to
prainote biolcgksal activity witltioixl:: intertarLng with XES'UE txiiiatnoiinnt.,

Thin voitoinin od!' witmte to be t:reaitiid im appraidinatJiftly 67,, (-50 cubic ^axdin,, and.
the vdlyinm of inukMEiuc-face inoils to bin tmutind, im a|;:p:ad:inatiiilY 112, ,000
cubic yudiii,, The cap would bet dendgniadl to ccmsr disposal ana A vithin that
laxgar MX,. The UBEJI to bin caipped iia appiradbDEiaLtialy 240,000 mq ft (5.5
acraat),, Ite capital costs of this alternatiwni is iappnBdimtalY $;!!,riSi79('(IOO,r
biiiBEEd u|«n a vapor extraction system of 2!!i :]::nfji:i(::tJici[-(/']::xt:n!ict.ic:in wells. The
mnes:nhc]|e annual DGH ooet iiii $29,!!i30( <ani the 3CHy<aar W cciat im
aj(;pn:»d.noataly $:;i|r299,OOD.. The aii»:unrl:. of t±aa neoEESiEUEtry to JijEEplement thini
iaiternative, iincludiirig I!:>VE, wojld bat 5 yiaara,.

'This alternative involves consolidating waste from disposal areas A, B and
C into an upgraded facility within the ADC. The upgraded facility would be
used as a tnEiat)BE!nl:/d:i.sp;:Bal oell. Viajsrte would be consolidate:! using
o::nuiiE£iTticirial e>a::avaticn equipment . CeMEitering shculd not be nEEoe:&sa):ylp

tte watar table is below the predicted depth of refuse., Cvvx. the
t:i:Baiti»enl:/dispoE:al a:rea has been upgraded, a high pE-Lriiieability iaoll cover
will be placed over tte: waste to allow infiltration of p>:re;::ipil:atiaair and
to iidmndrce di:i:Bi::t contact risks dxxring the iKipleceritaticn of this,
alternative.. LeachaitiE! pradu::ed in tte cell would be rtscicojilatEEd baick
through the waste to proiiote biological activity within tte oell,
Nutrients ani inicxoarganisES nay Ike added to leachate to enhance
biodegniidation,. Ite exasiss leadhaite prodtuoed dinning arid at the end of tte
iinpliEai[iEE!ntatian Mill be txBaitBd and discharged to a surface water. The 'K'RA
Subtitle C cap Mculd be irtstalliEd over ttet treaibnent: cell after treatment
is

Onder thljai altarriativta!, a large depression wculd Ibe created ly wusta
aEEUQKvatiort from disposal area A exposing contaadnatiEd suhsurfaciEi "oils.
T!bd.!ii depressicini would be filleill with Jbnportei clisan fill naterialEii followed
by a MR 504.07 solid waste cap., The remainiLfig contaminated EEubE-iurface
soils vould bEE! treated vdth iiifSitu Vapor Extraction.

For this construction of the retrofitted unit within the ADC, the State and
Federal hazardous waste landfill requirements, NR 181, VAC, and 40 CFR
264.301 were determined to be both relevant and appropriate. This
detennina lion was made because an entirely new treatnent/disposal cell
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wuM bin ocractructfld within a minimally contaminatsd areai of that MX. The
double linaid txiiwiitiiimnt/dliiifpui'i,!!.! cell would provide mudjuii protection for
treaitiioiiiiriit of that contaminants. After completion of treatment, a
Sifetitl* € CMR 181, WC) cap would be jplaced over the tzvataBn
unit. Ite Subtitle C c;»p would bai relevant ani apprqpriata because the
integrity of the cap could be niiaijntainad and it would provide) :II«!I»E±DUII
protection to the tzeatment/disposal unit. The UM requirements are not
ARKRw far thim alternative,, because no IMpIakOianHEinl::M> of viaste cocura.
Upgrading an aixistijiig landfill facility to ooneolidaite mattes within thai
.K)C doeai .'not constitute plaoaiEiient,, aoooxding to tte 1ICP.,

Foot: that diiadhyaiirgm of iBEKDaiaiai teatohate produoad from thiia altanmatl'uw,, the NR
ICHii, me, Surfaoat Witter QuaditY tor Tc:nd.o aibartaLroae, iia «in Km., The
aoeanii laaohate would ba> treated in anller to naiet MR 105 iiirtatndaxdii,. A
tc:ndoity diaracteristics leaohJbng prcoedure (<r"KXPr) test will toe conductai
far the: treatment: sludge to detennine ytnether farther treatEiiaint is
naoessacy for disposal in a :RGfA conpliaLnt landfill in order to oonoply hdth
land Dispoaal IFIestrictions i(nrLOFten>) .

The volume of wasta to be coriaiolidated and treatai is approxincitely CT,,(-50
oubic yards from disposal araa A and noirv-rative materials from disposal
areas B and C, The capital costs of this alternative is appraKixnaitely
$12,894,000. The average annual OfiM cost is $82,300, and the 30-year ' W
cost is apprcocLciately $14 „ 129 ,. 000 . The amcunrl: of ti:rne necessary to
inplenneat this al terna .tive would be 10 years.

This alternative inoorporates waste excavatioi with on-site incineration
ani disposal.. The exravaticn activities are the same as describe-d in
Alternative 4. On-Site materials handling, staging, and storage may also
be :nequira:L, Waste would be characterized prior to incinaraticn.,
Treatment residuals,, such as ash and scrubber waiter, would be further
treated, if neoessary, and disposed of off-Site in aoaordancEE! with the
LDRs.

Order this alternative, a large depression would be crsaited by waste
eiazvatiori exposing contaminated sub-surface soils in disposal area A.,
This depression would be filled with inparted cle-m fill materiails ani the
non-Tiativet inateriaas firomi disposal areas B and C, follciw-d by a Solid Kaste
cap., The oontamdLnisited sub-saurfaoe! soils would be treated with IS'VE.

For this al terna .tive, incineration would be done in an ijncineratnr which
meets tve design requirements of 40 CFR Fart 264 Subpart O. A TCLP test
will be conducted for the treatment residuals, such as ash and scruhter
water,, to determine whether further treatment is necessary for disposal in
a RCRA compliant landfill in order to comply with LORs requirement,,

The volume of waste to be incinerated is approximately 67,650 cubic yards
from disposal area A. Tte capital costs of this alternative is
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i!ij!:!;:[i:i::i!i::l.iiii!i<i:iii;L;|f $99, 410,000. Tlw average annual om cast is $22,800,, and
ttmi BCHynunr Plf ooiiit i* apprcodnatttly $59,858, ,000,, Ibisi amount of tiaa
nin::ii!iii!ii!!!i:i::|i to iiiipliiiuiiiint this alteraativa would but 5 years.

A diEitailiid analysis was perforaad on l:te five alternatives wing tte nine
criteria in order to select a IIIOUXQIH contxol raonedy. Ihm

im in iiumiuikxy of thiii cooEpuiBcm of <m::h K\lt&.r\sA±m'' t\\ mtmnglih and
witfci xquiipndt: to the ninm waluaticn ccitnirLii, TheiiMit r\in\\ criteria

am:

1) OMiimll IRciEtocticn of Bunnm Bnaltfci, mind tte
2) Cbiiplininoiii with illpplioiiUa or liEitorartl: in!! ji«xi:q[:iEii!ite

(Wlffi/'m)
3} ]Loncj|uJTlm
41) Itocilijiddioni of TCicdcilty,, MbilitY, or Wlum® thcrauic;|h
!!>)
6}
7) OCHElt
8}
9}

E^^^^^

Alternative 1, Nb Action, will not provide protection from risks associated
with site contaminants .. Groundwater will continue to dBpradg! due to
release from the source. Therefore, it will not be discussedl any further,
since it is not protective and thus, not an acceptable alternative.,

Alternatives 2 through 5 will reduce contaminant migration from the waste
aid minimize any future direct contact threats,. Alternative 3 through 5
also provide treatment, thus reducing the amount of contaminants available
to new® into the grcundvrater. Cdrirtiunuei gixurdwater impacts from Site
ocanrtandniEunts will be reduo-d by warding degrees by Alterniitives 2 through
5. Alternative 3 , In-Situ Vapor £>etraction, 'would provide protection from
«>!«3Ex:iE;;un to the waste during iixplaaEEntcitiori because treatcaE-tnt would be in™
lEiitu and ocawatiing the waste is nindmKecl. Direct: contact &fp::iEuriEt to
ocanrtainiratai waste and soils may coc::ur in Alternative 4 and 5 daring

of di£pc:isal area A..

It list not the intent of the proposed alternatives to provide protection
from risks vihich may be associated with contaminants currently existing in
tte qroLxntetex.. Existing groandwater cxintaindmtion will be addressed in
tte GCOEL

2 «

'The alternatives; would comply with all applicable or relevant and
appropriate federal and state environmental laws. No waiver would be
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to JbonplnKnent tteM alterna tiveasi .

War MtiiiDiniKlElviii 2, a R3A Subtitllit C ailti-laywr cay;> would but inirtalLed in
order to conply with HCRA cap design ettandards.

Altornotiveei 3 mind 5 would Mint the State landf ill closure requirements
(i.e., m 504.07, |«C). Alternative 4 Mould imeieit State (MR 181, MAC) and
Fndeml (40 CPR 264.301) huactibutii waste landfill requirements .
M;l:»t:raitivin 4 aim® would neit tte FeHienl IfOA Subtitlw C osap raqudreitnent ..

MR 445 , Oontrol of! Haisinrdbutiit BilLlutauntB, iisi »in MKR for Altitfnirtiviaiai :!„ 4
and 5, Ite inxtnicbed off-gueHsi uihould bet tre)i!it<E)d in oaixlliBr to meit NR 445

limit nu:|fLi.JLraineint JEI> »

Tc:nd.c Subiiitmoeun Control Act (wTXAm) iia mol: an mm far thds isiitin beicausust
llfCElat dartetcta:!! at thei i-iiti-t, at a UKunam Lavel of 300 ppb, is las than 5
ppcn,.

full lieiting of KWs for tte Site is contained in the FS.,

3- l£;ii:G±IS£!!ffî

Besidual risk® assocLated with dixuid:: coinrtact with wastes vdi:|. be reduoed
by each alternative! throirih cai;ppingr which will minimize direct e:xpoe;u;re to
w&st&s. Alternatives *), 4 and 5 will reduce these risks further lt:y
removing and treating, Ibiodegrading or incineorating contaminants. Risks
asscciatai with direct contact with waste materials in the future will be
minimized through implementation of institutional controls .

Residual risks associated with migration of contaminants from the source to
groundwater were considered greatest: for Alternative 2, because the wastes
ares only contained and not treated or -destroyed. Alternatives 3 through 5
provide the lowest residual risks to groundwater since the source of
graundwa ter contamination is being treated .

Effectiveness is exclusively dependent on maintaining the integrity of the
cap over the long 'terra for Alternative ?,. Alternative 2 will not remove
contaminants within the waste whidh could ultimately migrate to tte

Thexefore, maintenance ol! the cap is ikey to the: loing-termi
effectiveniess and pexiccanence of this alternative.

Mternaitiviat 2 through 4 will bet effective in ladhieving rexnedial objectives
through iniatallation of niulti- layer cap, which will limit the infiltration
of precipitation through the landfill and preclude the leaidhlng of
contaminants into the grcundwater,.

Alternative 3 will be effective in removing VOQs in the Waste/sub-Soils
thrcugh vapor extraction, in addition, tte installation of. the; solid waste
cap will minimize the leaching of contaminants into the groun:3yaiter.,

Alternative! 4 is anticipated to be effective in achieving remedial
objectives through biological degradation. 'Pests: at other sites have



that biccraniediation im a promising technology « However, its
to tkdin iiiltin would haiviu to bin vinxifind, Mtiamative 5 is
to bin mf ftctive in moving oontaninants in thai landf ill

through containinoint dtetruction ( iiriciniicnticn) pwniiirantly . Each o:l!
AltnnativM 2 throuqh 5 axe anticipated to mcpini laystall ncnitaring and
nnadntenanaai «af thai integrity of the landfill cow Materials.

2 don not provide! treatioEieirat of contaminants to reduce the
Mobility, totckdty ar voluBB! of Glitter tte Muta or tte JiEub-wstisi

3 through 5 Mill nduo» toodeity, nobility, or volymni of ttei
through tnatnent of Haste/sub-Soils. Alternativ* 3, in

addition to ttet milti-layer cap, is estimated; to nanowei as aach as 90
pecroent of ttei VOCi-i from ttei Vlaste/mib-Soils through ttet jjiiiileiientationi of
ISVE,, but will not address dhemicals with lew volatility (e.,g,,ir phenols and

semi"volatiles are not treated by XSVE,
foot: dei:p:ac:l2ttiorn of se![[d--̂ o:].ati.lesi by aicxribial ngrthcds will be

explored <:l).i:i:i:ng f ull -scale IS'VE iEiEdetmintatiani,, Foor alterrativG!!:: 3, 4 and
5, 'the extracted VCQEii in tte air stxBatn will eraitually te dgstroy<ad
1:bn:njic;|h the regeneration of the cadxin,.

Altisrnativuii 4 ui-ies IsKhata reci:n::ulatian in tte waste to pracnote
biological cilieigradation of tte carTbaroination . laachate reclccalaticn ociuld
potentially "reduce 100 percent of the VOQs contamination, if the process is
given enough time. During treatment, the waste will be within a IFOiA-
type cell where migration of contaminants into the groundwater will be
minimized to the extent possible.,

Alternative 5 will destroy the VCCs and semi-VDCs present in the Waste
permanently through incinerating the waste mass.

Alternative 2 and. :•) can be; iniplerrianted shortly after design approval
because ttere are mo substantive permit recpirenients . Al .ternatives 4 i-und 5
will require the loogest time to implement, due to the need to neet
sjibistantive permit :i:Bc:|u±rements to site new disposal ani treatcnetnt
fadlitim,, At least oine, and asi many as tuo to three years, nay be
nquinadi to comply with air and waiter quality discharge! requirements, and
pertem tte ruacessary txBaitability studies, and test burnt®. Itese steps
would 1 Mealy require several years to complete before a full scale system
would te qperaticral,.

A low risk would be posed to remediation workers and the coranunity during
the iiicpleaentaticn of Altemat ive 5 relatei to potential e>qposure to
incinerator off -gases . This risk is ajnticipaited to be low becauw
monitoring of air contandnants at the Site boundary will be conducted to
ensure that acosptable levels are niaijntained,. Alternatives wnitih reqviire
excavation of sitei wastes (Al ternat ives 4 and 5) may p;:K.& a potentiai rislc
to :neraediciiticn sorters via direct exposure! to wastes, dtusrts and VOCs. ..
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Alternative 5,, Wiusitai Docavation with en-site Incineration, my JOOIEMEI added
riiiikni to the community ard workers due to increased air

thin Imviiiliii of potential contaminant <iK»posuriEi to niEEiiEidiation
w:iK:kinxs could bm ndniniLud by that use of personal protective liicjuijpmnt and
inteidaxd dust control measures in each alternative. Alternativee 2 and 3
are anticipated to pose minimal risks to remediation workers and thm
ci::i[[i[iii;inl'l:;y biacsauiw tihiey do not imolviii (EotcTOciiting tte hnsiEita,. MdLLtional
riLiiikin to thin micrrainiing uioolociy wre not oomsidiEmd oi,|:]p:Bc::li!tUa for arty of

' '

2 :bi Itte <iu!iJEiL:liiii!it to tcidteidboiiLUy iiDcplnmuEint conparad to I:!IMEI
cthiEir thmii alterruKtiviEis,, MtecniKtlve 3 iei lEiagDiEiiuhact leiasiar to
than MtiEixTiativiit 4 and 5 biEioauEimn it inrolviEHEi IIEIJEIS coniEitmotiani at tte Sita.
Ite inoint difficult altexinative to impltsiscisnt Mould te Mtarniittdbwiet «i.
Edl'ficultii!!!!) iiijsaociiiti-d with this alterrativiE! inclu:fe aicceissing a
)Sii.]5E:!p:i.i=!ii]iE!3r:tl:.!!L][-y fuasl. source on-iEdta,, diiEqpcsing of thm ash, a^iplydLng

wAex needed for tte lEicmibbers, ard treating and diispOEidng the
eicntter waiter.. Mtexnaitives 3 and 4 wcuid botht be ndatively

to impleEnenl: technicaLi:! y . McdMstratival.y|r altttruiitiviiusi 2
and 3 are eaiider than alterraitives 4 and !!> IbecouiaiEt th\\y invQlvisi
axirdiniSLtloni with relcn'ant

Alternatives 2 through 4 require services and materials that should be
available. It is assumed that appropriate material to perform cap

itructicn could be obtained from a borrow source located within four
miles of the Site. For Alternative 5, materials and services are
available, but their availability is more restricted than the other
alternatives.

Alternative 2 involves a capital casts of $2 ,751 ,000,, annual Operation and
Maintenance (O&M) costs of $8,899 and a 30-year Pnessierit Worth (PW) cost of
$2f 888 ,,000.,

Alternative 3 involves a capital costs of $2,679,400,, average annual om
cost of $29,530, and a 30-year I?W cost of $3,299,000.

Mternativiii 4 ijtwalves a capital costs of $12 ,,894 ,000, average annual OGH
cost of $I3>2 ,300, and a 30-yBar JEW cost of $1.4|p:i29ir000.,

Mternat±uii!t !!i involves a capital costs of $59,4:1.0,000, averaqKi! annual CXSiH
cost of $22,800, and. a 30-year PW cost of $59,858,000.

8 .
The State of Wisconsin is in agreement with the U.S. ERA'S analyses and
:reoonKendatians presented in the RI/FS and the proposed plan. The State
concurs with the selected alternative (presented in Section X, below) .



Thin iiipnclfic: GOioionnntiit nioiidved and U.S. EP&'s responses are outlined in the
ttiaohnd RMponBiveness isuinmaxy.,

iliisi provided! in CERQA and the NCF, and based upon the evaluation of the
RX/ES and tte nirini criteria, the U.S., EE&, in consultation hdth tha VOUR,
haw ineledbiid Altnu[TU!it.hni!i 3 as thin IEIOUPOIII control remedial action at the
HagfiEin Ftaiii Sitm..

ajacr oonpcrants of Mternativuii 3 includim thin following:

Within that Lager MX, thai non-nativ* nB'terial ft reicn thia dJb!ip::«iU!d anant B
ard C will be ccraoliclatad in dispcusa! area A. Ml hiaiEita u:wiEiini!!irit will
biii doniiii within tte M.1C,, Mo iixLnoEEmiant vdil occur., The! etcaruiatiEid
di-pression ajneas within dispasal araaB B and C will ):» :l!ill<iid hdth clean
isioil ard lamdsoaped hdth vegetation native to tte area.

The Cup will ba placed on dLspoi-usd ana A in coEipliance: witht the curtent
recpireinents of Ch. MR !:>04,07,r MAC for cloi-iure of lEiolid waste
:l!acilities., Ite cap will carsiis;t of a giradLng layer, a minimum ili-foot
clay layer (oonpacted to a panneability of 1 x ID'"7 cm/3 or lees) „ a
grwel drainage layer,, a frost protective soil layer, ard a minuciam 6
inches top soil layer (isee Figure 5) ,. The cap will be constructed
prior to the pilot-scale test and full-scale implementation of the in™
Situ Vapor detraction. The integrity of the cap will be maintained
daring the ISVE ijtpleroentation and for many years af beirwards .

In-Situ Vapor Extraction will be implemented in the contaminated waste
refuse ard subsurface iEioilei of diepoeial ai:Ba A, Prior to the: fall-
i-icale inplerienkaticin of the IWE, a pilot-scale test will be conducted
at ttei Site to determine the ranediai dssign parameter!:, (i.e.,, number o>f
extraction and injection wells, the spacing between wells, pumping rate)
t:o adhdeve maximum reiwial of the VOC's., The goal of the ISVE
extraction will be 90 percent removal of VOCs in the Waste/sub-Soils.

Euring the. full-eu::ale IS'VE jbccplenientation, a tcBcitability study hdll be
perforinedl to examine the: feasibility of adding essential iniirtrieritjEi
(e.g.. ,, moisture, oxygen, nitrogen, and phosptiate) to the IMasrtiv'eiukHSodlei
in order to enhance ttei natural nucirdbial degradaition of organic
icxinpoundEii, The study will be: desigpnied to detannine the cptinium amounts
of riutrkintiii to be ad:3k-d to the Maste/iEiukHSoiis in order to promote! the;
][djcroacl:lvities, vdthout decreasingf the najss removal of 1:te VOCs by
ISVE. If determined to be feasible „ this treatment will be inpleniented
as part of the

Off-gas emittai fnxn the eKtraction wells will be txteated using a carbon
adsorption systegcn in order to meet the air quality standards of the
Sta:be>ir MR 445,, WAC. The spent, carbon or any other residues from this
off-gas treatment process will be sent back to the manufacturer to be
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pictnd, thus they are net subject to Kite.

Institutional controls would be relied upon to provide additional
effactivwiess to the randy. Ihese include waning restriction, deed
notice, and construction of a fence.

The iiieslincted remedy must inatisry the requirements of Section 12 1 of COflCIA
to:

a,, protiiiict huran health wd en%d:ranment;
b., comply with iliraRm;
c. I3e cost-effective ;
d. Utilize permanent scxtutiorts eurid altexnaiti-! tneatctient tix:hnoloi:|ie!:i to

tte iiBximum e>±ant practicable; ard,
e. Saitii-sfy 1:te pri-!fieLnE>n:»:) far treatment aigi a principle lEslement of the

:re[[«:dy or doa:ni»-!nt In the BOD why the pref exence for tXBatxcent was
met satisfied.

Ite iinpl<E»DEie!nti!ttiani of Alternative :•) at the Site scil:isf iiss the :cBc;|ii±ri:!t»enbii
of CISRQA asi detailai

of the isele:::ted alternative will reduce and control
potential risks to human health posed by exposure to contaminated waste and
air emission by treating contaminated Waste/sub-soils .

Capping the landfill, in addition to reducing any potential risks posed by-
direct exposure to contaminated waste,, will reduce the infiltration of
precipitation through the landfill . Groundwater contaminant loading will
thus be raiuced. In-Situ Vapor Extraction of the contaminated Maste/sub-
Soils will-also nsduosi the groundwater contaminant leading.

No unacceptable short-tern risks will be causei by JJiiplernentation of the
remedy. The site workers way be eicpoised to noise and dust nuisances during
oon!»t:i:uc±ion of the anp. I5VE shcuid net present short-tanii risks due to
VX endssion if properly designed ard nonitored., A Standard Safety program
will manage wiry short-term risks. Dust control measures and o
treatment:: would :redi:ioe those risks as; well.,

An NR 504.07 Solid Waste cap is an ARAR for Alternative 3. A PCPA Subtitle
C cap,, while relevant, is not appropriate,, as described in Section VIII of
this ROD. NR 445, WAC, Oontrol of Hazardous Pollutants, is an ARM for the
d.i.£idhan;ie of off -gas train the vapor extraction procedure,

Ccopliance with Wisconsin Statute, Chapter 160 and NR 140, MAC, will be
achieved through the selection of the final remedy for the GOOU for this
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indLtiii..
Thin iiuidiiidbnd raadty will attain all Bnderal and state applicable or

isq;pi:q[:(riate ermLrantnental :i:Bc;|uiraiiE!!nts.

c.,

Altornativ* 3 iin a ccst-nidf f active alternative providing for protection of
Ituiiisn health and thm cnvirarnent and long-term effectiveness. Alterative
2 im iiioiniaiitat less expensive than the selected remedy, but provides a
lemur degcw of lang-'bmn effectiveness because no treatment of
contaminants is involved. lEieotusiii them Jis no txBBibnent,, thm is a
greanter riiiik of oc:ot»aninants imterLng the groundtoaiter with Alteniative 2
owr tte long teem, ttternatiwiii 4 is fou]:Hd.»ies iinorin: int»;peni»iv<!i than
,]y.lbiKaiati.viit 3 without pot:Q/iding praportional (E^fectiv^nei-s. Mtemative 5
(IlricdiBeration) is the most «!£MpensivB remedy. AlthoiLigjhi Mternatlve 5
pcrawideni ooinplete destnicbion of the oontandrantni at the Site,, Alternative
3 pcwidera sbdlar effectiveness ::l\n:n:if:|h a ixiEtibination of tnatKient ani
conttaininent of the nisiduals at far less cosrt,

d. Q;;;P1;̂
^

U.S. EEfSKi and the State of Vfiscxinsin believe the selectai remedy represents
the maximum eacberit to which pennananl: solutions; and treatment technologies)
can be utilized in a cost-ef fective nianner for the SCOU remedy at the
Hagen Farm site. Of the alternatives; that ate protective of human health
and the environment and ooniply vdbh ARARs, U.S.. EPA. and the Stabe have
liarbermined that the selected namsdv provides; the besrt balance of tradeoffs
in terms of long-term effectiveness and permanence, reduction in toxicity,
mobility or volume achieved through treateient „ short-term e £ f e;:rtiveness ,
inplenentability, cost, also considering the statutory preference for
treatment as a principal, elesnent and considering State and

Mternative 3 reduces the toidcity, ladbility. and volume of the
conitaminants in the Vbste/sukH-ioils; oomplies; with MWRs;; provides long-
ibeoii effectiveness; ani protects human health and the environment equally
as well as Mtexratives <!. and 5.. In terms of short-term effectiveness,
Mternatiwiit 3 has the shortest ticne to iiipleEaent because the:re are no
sutetartbbm pexnit requirements, as needed for iiQternatives 4 and !Ei.
Mtenative 13 inJLso poses minimal ris);: to remedial: ion Morikexs and the
cornmnity during the imple»>ntation period because it does not iiwolve
e:KraMSiting the waste. M'bernative 3 will be easier to implement
tedxnicaliy because it. mcpires less oonstruction, and adaLinistratively
because it will retire less coordination with relevant agencies. Finally,
AlternativB 3 costs the least of the protective alternatives that utilize
treatment,. 'The major tradeoffs that provide the basis for this selection
decision! are istort'-'term effectiveness, iiinpleEientability,, and cost. The
seliscbed remedy is more reliable and can be implerrenrted more quicikly, with,
less difficulty and at less cost than the other treatment alternatives and
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Is tharefcra detazainad to bin the most afpropriats solution for the
ccntaaimted Ibste/Bub-Soils at tha Bagi»n Fun site.

On""' State: of Nlsccnsln is in concurrence with the selected remedy. A
public: oGnoent was zeoeived concerning thus cost of the remedy, and this
ccanent is fully addrassad in tha Raaponaivanaas Smoary.

Thin grounduatar ccntaminant pluima will bin iHdcilressed in a sacond cperabla
unit. Becausa tha salactad altaznatiwa treats tha VXs, Which ana tha
oantljrudng inoaroin of grouniteiter a::nl:.minlnatianf it hdll <Bi±3tmnani thim
principal threat for the SCOT at the Sits thrauqh treataant aind satisfies
thin prefaranaa for treataant m a principal alanant. Zn addition, durlm
ruU-scala iq^laavntatien of JSVBt anhancad biological treataant of avail -

bia investigated and if feasible, iapleoented as part off this "
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Figure 2
Site Diagram
Hageirii Farm Site
Dunkirk Township, Wisconsin
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firountfwiter Quality
IOCS Mid S«1-VKs <ni Sounct Characterintloft

F«i nn FS

Concentrations (ug/L)

. , l"o, Hells With
*** fifl * * •' ' .Detection 2 )

WC*
ii'-l-li-rMiriO:')!! 4,400,000 ;?,lii20 3!
Toluene 20 20 1
Ethylbenzene 2,400 99 3
Xylenes 35,000 1,066 5
Tetr«hydrofuran 630,000 5,695 5

Smî VOCs
Benzoic Acid 29,000 780 2
2,4-Dimethylphenol 330 J53 2
4- -Methyl phenol 6,100 243 2
Phenol 5,600 3,816 ]
1,4-Dichloro benzene 10 10 1
Benzyl Alcohol 26 26 1
B i s (2-Ch 1 o TO i sop ropy I ) E t he r 1 9 ]. 9 ;|
Naphtalene 8 8 1
4-Chloro-3«Metnylpheno1 7 7 I
Diethylphthalate 5 4.5 l
B i s (2-Ethy 1 hexy 1 ) Plh tha 1 ate 34 1 8 3
Di-n-Octyl Phthalate 5 5 1

llotes

(1) Geometric averages for positive detects at each well are calculated for
d up halt!! itn a l'.)/i; is and mul tiple rounds, where itippllkiitilie., €«MKri«>tinic a
i«fre then calculated using one single or. where more than onus sample
obtained from 41 given well,, divisinige vjiluni for1 «ch wtil (5 we'll:!;).

(2) Out of f ive wells. -Some wells had more than one sample analyzed as
indicated in (1).
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TABLE 2
(Continued)

„__Concentration
InfrOV

COMpOUfld

Dieldrin
4,41".-DDE
4,41'.. ODD
4, ,4'-DOT
PCB-1242
PCB-1248
PCB-1254

Geonetrfc
Mean

11.6
18.2
i:i.9
1 9.2

104,. 8
:il:)8
222

Ma xi muni

:ii.,§
18 .2

11213
19.2
284
B8
222

INIurinber of(l)
liJHiiples,

1
1

<«
1
4
1
1

Ijotes

Ml Out of 110 tottisil JiHinpl iirig 'loiMilions (iiest Pits; RS01 to IRSIO), i!>;i:i:1ydinq
RS08 duplicate.

(2) Sum of tentatively identified compounds.

Indicates concentration is below method quant i tat ion limit. Value is
e s t i m a t e d .
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WMM SITE
SOURCE COMTIOL OFERABU CHUTmm COTOITSI: , IISOQISIM

This rasponisiiveness summary, required by the Supmrfund Lmw,,
provides a summary of citizen's comments and concerns identified
and received during the public comment period, and U.S. EPA's
riiiiiiponiiiiiitiiit to those comnientiii and concarniii,, Ml comnents received
by U.S., EPA during th*\ public eoraoEiant pariod will ban coniiiidniirad
iitt tha iiiKiilinction of tha 'remedial alternativin for than Sitoi. The
rasponiiiiviiuriinisiii sungcmary sanrvnitini two p>urpoi»iitiii: It providain U.S., EPA
with infonnation about comnunity prefariiincanii and concarnin
roitgarding the remedial alternativaiii, and it shows mitunjberfli of tha
comnunity how their comments were incorporated into the decision-
making proceam,,

This document suiuiariiKes one written conmiitnt received during the
public comment period of July 11 to Auguat 10,, 1990., ThB public
meeting was held at 7:00 p,m, on Auguist 2,, 1990 at Dunkirk Town
Hallr Stoughton, Wisconsin,, No comments were submitted during
the public meeting.

QSEE2ZEH
The preferred alternative for the Hiiigen Farm site was announced
to the public just prior to the beginning of the public continent
period.. The preferred alternative includes::

'" Installation of a WDNR required NR !>04 solid waste cap
over disposal area A after consolidation;

>" In-Situ Vapor Extraction of the waste refuse and sub-
surface soils in disposal area A;

«• Off-gas treatment through carbon adsorption.

-l»t is unwise to spend more than $2 mill ion of the
taxpayers'' money to remediate the Hagen Fan site which will not
affect anyone. The money should be spent to control cigarette
smoking which kills thousands of people each year. In addition,
the commentor stated U.S. EPA should be active in alleviating
"drunk, drivers,"1

!i:!":£]:!!;>!i';iJi!.u. It is believed that the wastes in the Hagen Farm
landfill have been contaminating the groundwater at the site. If
the Agency does not remediate this contaminated landfill now, the
landfill would contaminate the groundwater continuoualy in the
future,, and people who use. this groundwater as their drinking



water will bin affected, Thiiir«ifo:niiir it is iaportant and wime to
reaiiediatiiii the contaminated landfill. Win expect that thin funds to
:ni»edlatflii thini unite will com in froini the parties d<eitennini!id to be
potentially riiiiiiponmibldi for thin ccMTt ami nation,, not from thin
taxpayinrs. The iiiiiitunii of a refiiirenduB concerning nicking in
public places is not within thin scope of the iE!>uperfund program,
instead, this is a local mutter and should but addminined to the
city council. W..S, EPA also cannot addresin the comia;ntor''s
iiitatauiunt on <nd:rahk drivers'" tecaume that nrabjiiict is not within
tJhe mcope of the Super fund program,, Such concerns inhould be
brought to the attention of State or Local lawmakerm.
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Staite Of Wisconsin \ DEPARTMENT OF NATURAL RESOURCE!!!

no MO.mm

ISi, lSii<;ii:i 01 REPLY REFER TO: 4440

Hr. Ifii Mm; V. Wiumlai:!;, Re<;rloiriii1 Administrator 0:: MMID
111,:!!., l-nvlro.funii'nt.iil Pro I: net I on %emcy CC: RF
;i!-tO :!:, Iteiiirtenii SI:met

It. MISiCMI

SU|:[.:IIE:CT :: 5<i»1 iscted Super f imd Renwid.y
Hiigen fiinii ISite
Dunkirk Towirstilp,, Diiinie County, MI

Mr., Adiiiniku!!;:

Tin is Dep.iirtTOirl: Is provldlncj you with this lietter to docLiiMint our position on
I: hi! propoiifMJl source .control operable unit for the Hitgen Finin SI tie., The
proposal , in; Identrried In the draft Record of Decision, I includes; the
following:

illteniiit ive 3: !l!iri~S'ity Viipor fatirMictloni iiurid Ciiipping

Mon-iriiitlve wiLSte irriiiteriiils from disposal areiis 1:1 and C
would be consolidated to disposal aren A. The wiiistie and
contaminated sub-soil inaterU'ls in dlsposai'l areii A Mould
be triEtiited U!;1ni;i Iin-SItu Vapor Extraction (ilSVIE:)., A low
permeability cap -meeting the Wisconsin requirements for
Clipping municipal landfills will be placed over disposal

A.

Btfnated Co <;!:!;:: Constructloin •• $ 2, 6 7 9, ,4 00
Openiition and Haliiitienamce - $i!:9,!!)30
•10 YiMir Preseirit klorth •• !!;:i>t;i!9<ii,,i;iOO

The to till 3® yw presiinit irnet worth for the l-lagen Farm Source Control Operable
tliiilt 11s approxlnijitis'ly .O ÎIiHsMXlO,, The Depiirtment con curs with Alternative '3,
as described In the Record of Dec I si on for this operable unit.

" E C E I V E D

1 2



Mr. jlkluto •- StptMber 6,, 1990

Stitf of Wisconsin will contribute IK of that nmii.iKlUl diction con-;
•ssoclitod wlllli thii; sourco control! oporabl <» unit int thin Higon Fin Site \f
tlKii potentially mil!! [MUM 1b In parties (PRPs) do not agree to fund thm reaedy.
Tli In munu-iait IISSUIIHKIII thiit I-I:'A will puriiiuii! nlMI 'hhiiiil inctfwn tpiMt tlvit PR
llinclwllliviii 'hiiiiiiLinincii! of .11 yinillaitiitnil urder inirid IHItlptlNffi of such onlmr, prior
t0 t)q»iniiuilin<;i the IFuirnl,

Mil! iiiHo uindiiriilLiiind that "our stftff will cotiMnuiK to work I in closn: c0n!Eultiiitioiri
with yoiLir lEtinff diLiHimg th<e rwii,lnlni;i RmiiiMKllflfl liriviiistlgiHtfoini/'Ftiiiisllbiirity Study
work aiiiiiiociintind uilitlh, the ijirouniduiiiiter control opieriiJlulliii uiriit nit I; hi! IHIingdtn IF;ii;nii
Sltdi, ii:ii Miillll iitiii dur-livg tlfit dinx I gin lurid coiii!i;tmic:l:1l0ni of the Kiitirct control

(nit

Ttuiirik you for your support mind cooperation In ikddriiixsliiiig this coiritiuiiiiniiitlon
problea nit thu! Hagen IFiinii Site In Dunkirk, Township. If you hiiivii! any quaintloins
regarding this Matter,, plenum! contact Mr,, Paiufl Cllidier, Director of the lituriiiiu
of Soillld <hirid IHI«>;i:iiirdous 'UNiiintiE! Management, int (lEiOIEI) 266-1327.

Sincerely,

C.
SecretaFy

cc. Lyman Mi bile - AD/ 5
Linda Meyer - LC/5
Piiiu'l Diidler - Stf/:3i
JoiE> BrusiCiii •• SOD
IfMit INk::i::utclnE!on/M1kiE! Sclunol I er •• SCO

v(liifi LdiiE! •• ERA R@C|iion V (!E>lrlS/ll)
Mark Glesfeldt/Sue Bangert/Terry Evanson - SH/3



BZFLMnTXON OF •XOMXFXCim DXrriREMCU
IEIAOEM nyim: lUpnruMD im

SODBCB CONTROL DFERMILE UNIT
•TOUOHTOII, WXSCOMXM

IntroduotioB

On September 17, 1990,, the United States Environniiental Protection
Agency ("U.S. EPA"), issued a Source Control Operable: Unit Record
of Decision ("ROD1"), in which U,,S. EPA, with, concurrence of the
State of Wisconsin,, determined the remedy to bei liiipleiwnted for
the remediation of contaminated soils and waste materials found
at the Hagen Fan Superfund mite, located in Dane County,
Wisconsin' (the '"Site1")., since the signing of the ROD, U.S. EPA
has received information making it appropriate for U.S. EPA, with
the concurrence of the State of Wisconsin (the ""State1"') „ to
revise the methodology to be used in calculating the Clean-up
Standard for the waste refuse and sub-iiturface soils ("Waste/sub-
Soils") at the Site. In accordance with Section 11.7 (c) of the
Comprehensive Environmental Response, Compensation,, and Liability
Act of 1980, as amended ("CERCIA") and to the extent practicable,
the National Contingency Plan,, U.S., EFA has determined that the
revised methodology for calculating the Clean-Up Standard for the
Waste/sub-Soils,, as discussed below, constitutes a significant
change to a component of the remedy in the 1990 BOD. CERCLA
Section 117(c) requires that U.S. EPA publish an Explanation of
Significant Differences from the 1990 BOD. The purpose of this
document is to provide a brief background of the Site, and to
present this Explanation of Significant Differences, which
explains how the revised methodology' for calculating the Clean-Up
Standard was arrived at, and how it differs from the Clean-Up
Standard described in the ROD signed on September 17, 1.990..

This Explanation of Sign 1:1!'leant. Differences ("BSD") and the
corresponding supporting documents are available for public
review in the Hagen Fan Administrative Record, which is located
at the following information repository:

Stought on Pub1i c Library
304 S. 4th Street
Stoughton, Wisconsin 53589

err IK BAciaRomiD
The Site is located at 2 3 IB County Highway A, approximately one
mile east of the City of S tough ton, Dane County, Wisconsin.. The
10-acre Site is situated in a rural surrounding that is dominated
largely by sand and gravel mining and agriculture.

The Site was operated as a sand and gravel pit prior to the late
19!:iOs. The gravel pit was then used for disposal of waste
material from the late 1950s to the mid-1960s. During the period
that the Site was operated as a disposal facility the property
was owned by Nora Sundby, who is now deceased.. The Site was



operated by City Disposal Corporation (""City Disposal"1) , a
predecessor corporation of the current Site owner, which is Waste
Management of Wisconsin„ Incorporated ("WMWI") ,. City Disposal
accepted municipal wastes, waste solvents and other various
organic materials including acetone,, butyl acetate, 1-2-
dichloroethy lene , t .etrahydrof uran , sol id vinyl, sludge raiater ial
containing nethylethyl lea tone and xylenes, and toluene for
disposal »it the Site. In a 103(c) notification sullaitted to the
U.S., EPA by • Uniroyal, Inc. ("Uniroyal"), in June 1981, Uniroyal
Indicated that. FOG3 end POO 5 wastes, which ere hazardous wastes
within the meaning of the Resource Conservation end Recovery Act
(RCRA) , 42 U.S.C.,'6901, also were disposed oil! at the Site., WMWI
and Uniroyal are the two Potentially Responsible Parties ("PRPs")
that have been identified in connection with the Site.

Beginning in November 1980, in response to coiiiiplaints received
from local residents, the Wisconsin Department of Natural
Resources {"WDNR") began conducting groundlwater sampling at
nearby private water supply wells. Samp ling of the on-Site
monitor ing wells during the period 198 0-198 (Si indicated certain
organic compounds were present in the groundwater, including
benzene„ ethyIbenzene, tetrahydro:l!uran, xylanes,, and toluene.. In
addition„ nearby private water supplies on adjacent properties
have also shown detectable levels oil! volatile organic connpounds
("VOCs")i. The private wells located at the Site have been
impacted by acetone„ tetrahydrof uran, viny1 chloride„ xylene,
•I: ran ESI l, 2 -dichloxethene, and tr i chlor oethy lene. These private
wells are no longer in use..

The Site was proposed for inclusion on the National Priorities
List ("WL1") on September 111, :i.98!:i, The Site was placed on the
NPL in July of 19S7. Subsequently, mwi and Uniroyal, the two
PHPs named by U.S.. EPA in connection with the Site, entered into
an Adniinistrative Order by Consent (U,S. EPA. Docket No, W B7-C-
016, dated Septeiniber 11,, 1987} ("Consent Order1") with 11,8. EPA
and WDN'R,, In the Consent Order, WWI and Uniroyal agreed to
conduct a Remedial Investigation and Feasibility Study ("Rl/FS")
at the Site., Accordingly, in July of 198ISi, upon U.S. EPA
approval i in consultation with the Vii:)*i:i!i(1 of the reguired Work
Plans, fieldwork at: the Site commenced..

Two operable units, which are being conducted concurrently, have
been defined for the Site,. Operable Unit ("W") I,, which is the
Source Control Operable Unit ("SCOU"), is intended to address
Waste/sub-Soils at disposal area A and the two smaller disposal
areas B and C. OU II, which is the 6ro>UTidwater Control Operable
Unit ('"GCOIP), is intended to address the contaninated
groundwater at the Site. This approach was agreed upon after
discussions among U.S. EPA, WDNR, and the PEP lit during the early
phase of the iBpleinientation of the Work Plan for the RI for the
SCOU.



The iRI for the. SCOU was completed in early 19199, and the
Technical Memorandum for the SCOU was submitted in March 1989.
The RI for the GCOU was initiated in July 1989 and the Technical
Memorandum for GCOU was submitted in February 1990., Currently,
additional field activities to define the extent of plume
migration are ongoing.. The RI report for the GCOU,, including the
Enidangerment Assessment, is scheduled for completion in July
1.991.. The Record of Decision for the GCOU is scheduled for early
1.992..

In June,, 1990, U.S. EPA provided the FS and t.hin Proposed Plan for
the source control remedial action to the public. An opportunity
for public comment was provided., Comments were to be submitted
in writing to the U.S.. EPA by August 10,, 1990, or orally at the
public meeting held in !:i tough ton, Wisconsin,, on August 2, 1990.

The ROD for the SCOU was signed on September 17,, 1990.. Special
Notice and a Consent Deere® for Remedial Design and Remedial
Action ("RD/RA") for the Site was issued to the PRPs on October
::ll,F 1990. The PRPs did not submit a good faith offer within the
statutorily mandated time period. Accordingly, on March 7, 1991,,
U.S. EPA issued to the PRPs a unilateral, administrative order
("UAO") pursuant to Section 106 of CERCLA, The PRPs have agreed
to comply with the terms and requirements of the UAO.

leiasd ia 1 Dnwiistiga tlo:ii./1!' main :l.:bi 1 i ty Btudj

Analyses of soils, waste,, and fill materials performed during the
RI revealed the presence of numerous hazardous substances
incl uding ethyIbenzene, toluene, xylene, 2-butanone ,
tetrahydrofuran „ vinyl chloride, ars en 1 c, lead „ and mercury.
These contaninants are present in the subsurface soils at and
above the water table and continue to be released into the
groundwater.,

Contaminants are being released to the environment through the
following pathways:: volatilization of contaminant lit through the
soil to the air; direct contact; and release of contaminants from
waste,, and soils to the groundwater. These releases provide
potential for exposure oil VOCs to humans as well as terrestrial
and aquatic life,

The level of contaminants found at the source characterization
wells far exceed Federal and State standards. For the case of
tetrahydrofuran, the most frequently detected compound at the
Site,, the level (630 parts per billion (ppb)) is 12,,600 times
higher than the State groundwater enforcement standard (50 ppb).
This data clearly indicated that the Waste/sub™Soils are acting
as a source of groundwater contamination.. This source will
continue to load contaminants to the groundwater unless addressed
by remedial action.,



Esoori!! of Decision

Considering the Proposed Plan for remedial action and the public
contents received, U.S. EPA, with concurrence by the State,,
selected a source control remedy for rennediatlon of on™mite waste
and sub-surf ace soils at the Site.. U.S., EPA's decision is
Buraarized in the ROD signed by the U.S. EPA Regional
Administrator on September 17, 1990,. The selected remedy
:i ncludes the fol lowing:; consol idation of non -native mater i HI Is
from disposal areas B and C into disposal area A with subseguent
backfilling of disposal areas B and € with clean soil material;
installation of a WDNR NR 504 solid waste cap over disposal area
A after consolidation; In=sj£u vapor extraction of the waste
refuse and sub-surface soils in disposal area A; off-gas
treatment through carbon adsorption; installation and maintenance
of a fence around disposal areas A, B, and C during remedial
activities; and deed and access restrictions to prevent
installation of drinking water veils within the vicinity of the
disposal areas and to protect the cap,,

U.S.. EPA's ROD includes a discussion of U.S., EPA'rs reasons for
the selection of the source control remedy,. The remedial action
("RA") has been determined to be a cost -effective remedial action
which provides adequate protection of public health, welfare, and
the environment, and meets all Federal and more stringent State
AI-lARs.

Description of SigxdLf leant Differences a:ind tlinii Basis for those
Biffereicices

The description of the selected remedy in the ROD, Section X,
Selected Remedy, states that "the goal of the ISVE extraction
will be 90 percent removal of VOCisi in the Maste/sub-Soils'"1,.
In format ion became available to U.S. EPA and WDME after the ROD
was signed which allows U.S.. EPA to further refine the Clean-Up
standard,. Because in this case there is no standard accepted
method to collect and analyise the waste fro« this Site which
would yield statistically reliable and representative results„
U.S. EJPA has deteoiined that the Maste/sub-Soils Clean-Up
standard be based upon a reduction of the soil-gas VOC
concentrations. Eased upon a literature survey (see Attachiient
A) and dim cuss ions with U.S., EPA's Environmental Research
Laboratory, Ada, Oklahoma (see Attachment B), U.S,, EPAIP wr:f.th
State concurrence, has determined that it is more appropriate to
use a state-of-the-art Groundwater/ Soil-gas Model ('"Model"1) for
each VOC detected in the Waste /sub™ Soils and/or the groundlwater
during the remedial investigation to determine the ciean-Up
standard for the Waste/sub-Soils. Using this Model to determine
the Clean-Up standard will ensure clean-up levels that are
measurable and reliable, as well as consistent, with the National
Contingency Plan,



The Scope of Work that has been prepared for the implementation
of the remedy selected in the ROD, as modified by this ESD,
states that the PRPs shall submit a state-oil!-the-art
Groundvater/ Soil -gas Model to provide U.S. EPA with the. data on
which to base a soil-gas Clean-up Standard in the Wainte/sub-
Soils. It further state® that the Groi;mdwi!iter/!:ioil-gi!is Model
shall be used to determine the concentration of VOCs in the
Waste/sub-Soils necessary to achieve the protective Level of VOCs
in the groundwater..

WiIIICOEIII in DepartmsBt of Matura 1 Eesouroem COIIIIIINMEIts

WDNR has been given an opportunity to cominiexit on this ESD. Their
conmients have been addretssed and the State is in agreement with
the revised Clean-up Standard under this ESD.

MfiriiMhtioia. of tns statutorY DintdiiniiiBiiitioe

Considering the new information that has been developed and the
change that has been made to the inethodolô iy for calculating the
Clean-Up standard component of the selected remedy,, the U.S.. EPA,
with the concurrence of the State, believee that the remedy
remains protective of human health and the environment, compile!-!
with Federal and State requirements that are applicable or
relevant and appropriate to this remedial action, and is cost--
effective. In addition, the remedy and the revised methodology
for calculating the Clean-Up standard at 11 i;KSS permanent
solutions and alternative treatment technologieia to the maximum
extent practicable for this Site.
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Modeling of Ground-Water Contamination
Caused by Organic Solvent: Vapors

by Carl A. Mwuioia* iind Todd A. McAlary'

Vapor i:t«HE|>on in the unsattuiraiiE'd lane hai iiiv
iinrr|K)i'Mi]iiT influiEBcc on ithc fim: of voliirilc oipmii:

into i:hit inibiiurfiKC. Sc'hwille (19 f ) f t )
ilisn: va^pon from itolvenu may xprcad lucerally by
and deiniiiity-<dirivien iidveaion in the un!(airuir;ii:<ed

xoiuE1 iind lead no uroiLiinid-wnier (roirtwn iiucion ; however.
itlicnr we ifew qpuictiiEitairivie analywni oif the iproblan prcwrn t« d
in ;[l)»i: foiiTinure. An uniiicleirsuiKlinn; of the rnniipoit
IprociEiiscit icEivioh-icd ii; inipon;) ni: for I:!K: diMrermination of the
nairnrt oiF <:i»innaiiOLiiui::io:n jiiul for the dexign olf i

Abstract
Mnitaiiuiorkail models inne lined to evaluate tint potential! for ||irotind-wiiibKr contamijriiittoni irewlicifi||; from vapor transport

iilf vwhtik (Dir|[iifiic wlvenu inn the luiriiuimnned Mine, A two-dimensional numerical innodld for density-driven flow nmd transport
nlF wqpoin;dwws 1th in: trichloroethylene (TCE) viipoirii emu Iw: oipeeiMd » iiprcnd iriijpklly from n miduij source above an uncon-
(ined iui|OEifar iin mi nimurated, mdy deposit, Sensitivity aiiulyses show dial the i(lut|M ol' die vapor plume in particularly
nciiiiiicivc n» lltii! upwind iuirliii.ce boundary ewndiitioin HIM! the iiiMiciirrial iMTiineiibilliry. Tbe iiltui|pe of die vapor plume in inseni it it e
mi the niumii ifan by iilififiuaioiri thri)iti||ti itlx; cii|j illimy Inmfe, iillthitMiii||tii ithut Illntn; muiy lli« «i|pniilfkiunn: fan wirnii olF p'otjiiixd-wjiitiEir
f ualiiy ItNECiiiMiE At: idiriinili;iiii||;-witi:er iitnnidiiuncl it very kiw. 11'hi! vii|p0r |>iluiinie iiintiiiiulliniri0iini HIM! 11 |filM||H'l« «. iniflliuwion nnoditl »IE
wiiEid m okndhuti! in wianxi! ifiyimctibin I'mir in iirouinuJI-wniKr muiuKpon miiKkl im mikr w «incii»uitt th«: pomeiiiEuI for poii nd-w atcr
ani'iininiiniutuiuoi. GrowiKl-'w,-fliU!ir jlmiiliiirioiu ihow tihtu m impermeable iiurfiuK cowr cwuUI irdluce the flliix olf coirit»inriiiiri«iri» to
itlin iiqpniiEir Iby pTv«inidni;|[ iiirilfillmitioin itlni'()iji|||n idmr viupi»ir plume. However, for dwt cwiMliiiiHiii miiodelicd, itifnil'icajriit ijjrourul-water
«wnninuinniMiiDi am be o;p«icttd to oieaur Kprdiein; oil' uAiMhcr icliw npncwnid nirfnn i« rav«!i'»dl or moit. Conituiiiiiunn am reach
At. lEanuiraitedl xmine froxn n raiidunl Kiurce irither by :ii«;|ui(i-|:i|i»! dilfl?uiion i[hrou||)ti the ai|»illlary lcrim|[i: oir by intiip';iii:iii|[ m n
aijnnr linrjwniid line• latent liinniiu olf n coveir nmd nulw [|ui:indy diiiiM)lvjgri||; mud l)<i:iiii|[ iuihed <t«> due warmed XOIK by infiltiMtion.

effective »IIT« of ground-water contiiminiiiion which am
«i |)r«iid no quiiic:k.ly rh.i.i the liquid reiidua) n:»:'!(' is isoon
i,ii!ii|iriifu:aini: by compsirijion (Sleep and Sykc:s 19&9). In
threw: icueii. i xuifiicc irover over the residual solvent: iilone
nuy not provide iidequaitc protection from ([round-vi-ater
icontainniiriiition.

Tlie objiectivn: of this study win; to nimuhite the
([round -will ei comtuniinaition rexultinj; 'from v.i.por transport.
dlinwlmtion. mid in(iltrntion for n hypothiciica) ci.se where a
reiiiduiil iiolvent Kiuirce occure nbove clue water table in a
namely unconfined iiquifer. A i:wo-d imeni,ion;i I finite-elicrnent
nriodiel was u»ed no i»irnuln>t«: vtipor mnspon of i t ichloro-
ethylene (TCIi.) from n iresiilual: <.our<:i: in the uim HI rated
;ione mid 'to conduct uensiitiviity ;i.n;ilyi,irs. for the influence
of thr pound surface iind wiKier-tnble boundary condnionx
iincl the gxnmnbility of the ||:<eolof[ic matcrul. Th« rc<tults> of
the uniuituiriited xone model were used to define >\ souin:<E>
for a ([round -wiii er cninipon model to evaluate the poteiiitiiil
for UTCHJ rid-wat« canriuniiiTiiiiion from xprcadinj; solME'iit
vapofii. The models were used collectively to nimulate the
•effect of pliicinj! ;i. low-|]icr:mi«;ability coveir ovcrr a solvient spill
Kite in mi attempt to dlimi.ni.sli the severity of ([round-Mi 11 ei1
contiiirniiution.

The rntioiule for chooiiiinii); "!t'C\:. as the compound was
thint in nt one of the moiit dominion organic contmninants

l in pound wfiter. Since many other chlorinated
have properties limilir to thoite olf TCII., the feiicra!

irewltn of the m:udy apply to nniiiiy CJIKS where volatile
ichtoirinaitiEd sol%'«!nt!i line aic'i:idcntailly.nele;in«!d into the
unutuirated toini!

The npipiroftch of win| decoupled models for th<e
unwinirated ttnd uninted itoiricii was choiteiri to ||;ive in
iicciEipaible biilaiiucie berween tine aecunne ireprei»eint;itiiom olf
liiiE physical procoim amdl tin: ii|ppropriate level olf irruihc-
nuticiil complexity justified Ifor the hypothei'ticat n-cenairici
b«inf[ connidered. D«couplim||; ntnultt in more efficient
m<xlitli[ nince the i;piiia) aind remporal »<:aie<i of t r anspor t in

Ohcireite wlvant ird«a$e<> in the whim rf ;io«: rnovi:
|3Tiniai-i}y idowcviwiifid 'throu||h i:)« unutuiraited ;i .one. Inving
behind ;n mil of liquid ulvent which o(rra|]>:ies a. small
fraction of the JKIIT itpnci: Ali:hou||h i:hiii ireniduiil wlvein i$
inrrinndbjiixed by opillairy foircei., the coiriuuiriinairii: rn:iy
irciich die MHinited zoiw by <iiaolvin|| in the will irnoii«une
•UK! b«nijj; cramponed by infiilmii:ion>, liqiiii(l-|)haiu: diffiyiiiion,
or 11 fluCTiiiiniif wiitiEt u't)l<e. Since iiilfil! ration it neneirally
tline inon iirniporuiii: of theue proi:a*!-i, it in common
|>r«:uce in rciBedlinl prog runs to place ui im|j»irrnwabli:
COVCT icnii dne pirnd surf nci! over itlw raiidiul malveni to
niaimiz? jproinid-wiita' <:ont;i.;riiiniii:ion. Miiny hydirophcibic
"I'llanic iiolviEinu. Ibiai'Wi'cwirr. will w;i|)>onxie rcmlily and mif r«e
throu| h tlu! ||[iui p|us4e iiri the unuminit«{l xoirie, which
c«nnietniBii» m jiJtin-ririativc pathway to the M turned xonne.

i of die 'ra|>on in the toil nunuiituine cr«ta »n

Wiierloo Centre Ifor Girou ,nd«tter Research, l.'ini-
of Waterloo. Wntctlloo, Qntario. Cuiudn Nil I.. IGl.

nulitamu Li!rnii«dt. M> Abiiirui Road,
. Onurio. Canada L6T 5B7.

Aupiit li'SHSI), revbcdl May 1909, nccep'tiEcl

Oiioiision open unti l September 1, 1990.



the two zones are different. One-dimensional transport
models have been developed by Weeks ft a! ( 1983) and
Biaehr and Corapcioflu (198*'), however. two dimensions,
arc required u> represent the lateral spreading of trie vapors
The two-dimensional models ol Abriola and Finder {191)5)
jrij H.ichir < l<){("!i tii- no; .\-onsidcr adtection-in the g.i<!,e«us
?hj*c JRO •>>• were not suitable for this stud) since density-
druer. .id\ec:;\>n ma> be important for chionnated solvents
'The model developed b> Sleep and Sykes (,I9'89». which
considers advection and dispersion in both the gaseous and
aqueous phases;, w as not available at the time of this study.
Thus. a new model, based partly on that of Allan <1986).
was developed to simulate the transport of vapors in the
ijinsaturaied zone. Existing flow and transport model's weir
used for the saturated zone

Miuts Tinnnuipoiri Modelling in Porous
The mathematical simulation of subsurface contami-

nant plumes is obtained by solving the panial differential
flow arid transport equations, subject to boundary mid
initial conditions The general mathematical equations
describing tluui and mass transport in {[familiar materials are
applicable to both the gaseous and aqueous phases (Bear.
}9"2 i In "hi;, srudv . transport in the saturated and umacu-
rated zones via* sirriulatiEcl separately since j:;i!,coii'i phii%e
ir:in<''f)iv: i«, re<itncted to ih« uriiiaturated zone and vie
mumcd that aqueous phase transport dominates only in
the sat ura ted i:orie.

Some general assiimptiom were made which apply to
ihr iJOMiTTiiirij! equations for both fluid phases. Chemical and
bioloj!Ki' tranisformations vvirri: not considered, so nhe
rcsuhs :irc restricted to compounds tha': are not clegradird
over die timir scales of the simulations The p<;. liquid, and
solid phase? were all assumed to be essentially incompress-
ible and under isothermal conditions The temperature was
..-h.i'Stfri ;o be 20' C Additional assumptions are discussed
later

Flow and Transport in the Unsaturated Zon®
In i he unsaiurated xone. |;ias flow may result from

pressure gradients or dcrnsnt> jgrradiavt!! within the ii'apor
plurne Pr«r<;uire (iradienti due to v.ncij.iiin extraction ueire
mot <:ons<iJcred in thus study and t.h<e elffect!, of baroirnetm:
pre'ssure fluctuatioiris were aisiumed ito IK neji'li|iiiblie. l>:irnnry
(tradienis were consudeire'icl i! :i func'iion of molecular wei|[:h'[
iinJ x:ip»ir c'unce'iritrationi rclinivn itn natural soil ftas Deirisity
flow can he irioxde'leij uisnuj! the iEame mathematical furmula-
tioiri .if for the density-dependent ftround-water Oow model
presented h\ F'rund (191):!!). To maintain numerical
efficient . an equivalent head (h"> and relative density (pr)
niuv be defined:

Pa it
( la. !} )

where u is the density of the |Mci mi.xture. Oj is the density
t>r unioniiimnruted air. F is the fluid preisure. and f. is the
gri\i:jt!iina. constant.

In thik- jii>scn>;e O'f lairjii: pressure jiiradnrnu. the |MS
phj«e !Ti.i\ iie assumed incompressi!i:e. and deitsit\ i< then a

ii
The two-dimensional flow equation for the vapor phase is
then
a
"""'
dx

pag <>h"
""""

|i <)>:

a
"""
n n 01

(2 )

where k,° and k," are the principal direction* ol e lec t ive
permeability (assumed to be horizontal and vertical), and
IJ. is the gaii mixture vitcositv In this study, the e f fec t i \ e gas
permeability is taken as being 80% of the intrinsic perme-
ability The specific storage is defined by

where 7 is the macroscopic comprestibility of the gas phase,
and 0| is the fat-filled porosity.

The uiriutuiriiited lane transport equation developed
here ifnores traiupon in the aqueous phase by aKurmnj:
that the soil moisture in held motionless by capillary
tension Thus iti ircawiuble if infiltratidn. evapotranspiration.
and wam-ulble iriuetuntions aire ncijjiigiblle over (he period
of time represented by the vapor tiranjiport simulation The
vapor transport equation for static moisture conditions may
be written .is

a
I!"; "'

<k
dz

t I - v,t ••••••
0

(31

D

v C) 14)

where c is the concentration, arid v([ and v2 are the
viclocitics. The vapor di:speirsiori tensor u.

v,v.
ID,, ''0T|v|iS. ; i)-i[flL|L -aT).—I. D/6,, (i.j "; x.z) «5»

with <l|_ and a-j beinj; the loiifitudma! and transverse di<i-
peiri>M,itie<;. ri:'ipec'::'K'!y. and iS^ is the Kronecker delta

For nonreacme vapors in rnoisi granular soils.
.Vli!!iri||ton and Quirk CI961) showed that the effective
diffusion coefficient (D.|') can be calculated from the
free-air diffusion coefficient (D;l) IIISITIJ; the rclationshirp:

D; (6)

where 0, rs the total porosit;v.
The effects of j^irption and dissolution reactions can

be accounted I'or by unrig a vapor retardation factor of the
form sufUjcste'd by Weeks in <n/ (1983). The retardation
factor for the vapor phase is then:

v• K|,Kj

when; Kh j<[ the inverse dimeraionleu Henry's Law constant
liW|i: ;l liquiid per TIIJJ;/"! j|;is). K,j us the solid-liquid paritiTionnri[E
coefficient (nri|i'|| solid pier nig/ml liquid), po is the bulk
density of the MX I. and f'Vl is the wntcr ' f i l led porosi(> Tht:
ifirit term in ("> accounts; for mass removed by diiiolytion
into the soil moisture assuminj; two-phase equilibnbm
described by Hrim 'j |.,*w . the Kcond term accoiuinis fur
s<.<rption onto the solids from the aquenus pha<>e a't<>urnni|> i

'ii'Tptmn :Sii:he*n: These phj*i- *-.in<.!cr M'J.. : i '-n» .in-



to be essentially instantaneous Th:« lurirnuljimn i\
nv:n I'alxl for very dry KM is. when: sorption increases
.(hrJiirnaticiJIy and becomes strongly nonlinear (Chiou and
Shoup. 'I1!'if I IS), nor for hi||;hly advection-dommated situation')
uritii:n: reaction kinetics should be considered (Johnson
irr a!,, I,!!1!!"']!. The geologic setting used here ;is> expected to
i;ni:ii;fy die above constraints, bun more research is needed
to doennine the ran|;i: of conditions under which these
miinnrnpniou are valid

fkwv,omj Transport in the Saturated Zone
Ground-wilier flow was itinulatcd in: steady-Kate by

temporil flow variations and ihe effects of die
: om the pliiyitic.ii! properties of the aqueous solution.

Iltii: iiobliiiliuy of TCIE in water is low enough for the second
jennicingjrition to hi: valid. In terms of hydraulic head (h), thit
iniMHlliiEnerroional steady-state flow equation for waiter in the

l :uiirie is:

(i!)
i> r t dh d f _ 3h

<)x ' dx <);! 3;:

urikirni: EK un.d K;t represent the pri.ncip.il directions, of
l;r̂ dti:ijiil n t: con d u c t i vi t y.

Four iiainirated transport, the adventon-dispersion
<i!i;iiuir[k)ii i:s:

: 8 ek <).;iil ik
~-"«JWr-* D'xz .^ ' .. ' *

dz (Ji:

dc ik

"dx q ' 'di
(9)

<n

lit,j| it! the netiurdaition facitor for dnii.olved so I u KM and
i!),, iiintl <[),, are ibe ID;ircy fluxes The aqueoui dispersion
IIIEXIKI in def ined is :

- (ft i - OT> ••"••" *•"••"
S q !

wibi!ire D,,," i<i the effective aqueous diffusion coefficient

ln/r/,»/ Cond'/r/om m the

'nil! iiijpipncr and lower boundary conditions for tlic
mmantunted domain 'tfcre irnodelird utinji theont'tical methods
«rf 'KKCinntation for ithnc b(>iin<inry rnaisi tiriinsfcr nxffineimis.
Siitici: 'dwfc CT turn at ion irnethodis h;ivc not beirri verified
«:ii|;n!niiEM!Btai.lly, .11 scnsiiivity inalysts, was coriductird for
ii:ui:|ji iKiuiiidairy condrtKiin. The: |!iround uirfjio! boundary
'iiniitaiiiEtiuljiited iu-. (1) an impcTiTicablc boundary intcndked to
ra|nN!iii:in a buildinj; foumdation. piiviMiicnt. or froxen
iltnimuK), (if i(2) a pcniiKiibk: boundairy with virjternt ive cover
Thuc jigtipcnncabli: boundary wi-as iiinriuilated by spccifyiinj;
iiiE'Kii |Eriiilu:in ii s of 'head and cQn<:<rrir.raiuon norrnal to the
teniniElary. The p«nir>a.bl«: bound iry » as turniLilatircl unirij!
'dwt Inoumdairy liver theory of Thibodeaux • 1981 > If a

liver of air of thickness h|t e\i«s above the
l mrface, rhe inesidy-s.tan: (Jiltu'.n, « l'iu\ icroiss the

layer cam be described bv :

c,,,,, i:> the \apor concfntr j t i«»r. .11 th>. C">u!iil
boundary. Dn is the normal dispersion coefr' ioent « i:r..:-.
the doiTiain, \n is the normal velocity wuhin the domain.
and n is the unit normal to the boundary The concentration
in die atmosphere is auuined to be .tero The hc;id along
the pernieiiblc boundar)- was constrained to correspond 10
coiiiitarn atmosphcTi c pressure..

Thit top of the saturated zone has beicn assumed to be
iiTipernncablr to itransport. in most prit'vious vapor models,
liowcvicr. a diffusive flux must IK coruidered if a cor cent ra-
tion fEradiitnt »»» between the unutuiritted and uturatcd
zones. .Aitsuirninf thin: the rate limiting nriais'i transfitr process
is aqueous phase; diffusion throii|i:h a horixorital flo»> la>-er
of thickness. hw, mear the c.np'illiiry frin|;:c:. the !Stead>--!>t:n:e
boundary flux enm be da.cribed by an equation similar to
that used by Wee b ft til «] W.l} •.

(In hwt
( 1 2 )

dc D,
< 111

where cw, is the aqueous phase concentration at the tup nf
the boundary layer. The concentration at the bottom of
this boundary layer iis assumed to be xcro. Si i rice this bound-
airy is impermeable: 1:0 jr:i:s flow, the held (iradieri! was
npecified to he zc:ro.

The miitial condition for flow was a static air phase
everywhere. For transport, zero concentration was specified
everywhere but the source.

NiuiiirMtiriail IMIathiod of Solution
The Galcrlum firiite-eleirnein rnetliod was applied usinjt

tiriainfuhr lElcnriencs and linesir basis funccions Details of tlie
rmcrhod were presented by Wang and Andenson (19S2) and
Huyakoirn and Finder CM'83). The vapor (low equation was
s<olvcdl ujinj! i:rnp<]ii:it I'li-rie-weijihtinj;. while the v-apor and
aqiiiiKoiiii icransport: equiinons WIETIE: solved usinj! the Crank-
Nicohiori tiine-wi:ij|liitin,j; scheme:. Stability and acrurarv
problem.:! were controlled by satisfyiriji: thit ljec:let and
Couraint criteria (Dauseto / , 19ti!i).

In the vapor nnoditl. the (low and transport equations
a/re not independent because the velocities from equation
(2) arc required for the wluuon of equation (4). yet the
velocities depend on the concentrttions calculated from (4) .
An iterative 'Solution was used therefore to solve repeatedly
the (low ;iiiid tira.irii>|»on itquaitionis urn:it tine concentrations
conveifcd iro within 0.001% of the xouree concentration
lictwcicn itcrauons. With TCIE: a:i the Ktlvemt. only two i tera-
tion!! were |;ciricira.l'ly neceiuiry. except an early times m-h<crc:
tlireiE: 1:0 five iiteiratK)iri!i were required! because of high-tie runty
Ijradie rnt!i.

Output from i:he wnpoir irnodkl wai com .paired to simple
lineiir analytical solutions of i:he diffusion and advec'iion-
dispersion equniions to verify that the basic equations weirc
being solved correctly. The conservitio.n of mass was shown
to be icce'ptable by mass balance calculations,, vihich
compared the mass input to the domain, to the differen.:e
be t'n een the maiif stored within the danrruin and i he mass
tiransponcd acro« the boundairin. Ewptriivientil data that
definitively exhibit density-driven sdvection do not yet
exist (Sleep and Sykeii. 191)9), «) the model could not be
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. (ill Schmnntic ii»|3irw»ivl:{irl:i(Hi of liyp«itrii«ttiuil tatting.
mnd toiumtorv conditions Ifor 11)1 tha iiiiriniHtu ruriiKl

JIM <:«««, until (d itlimi imiuriHtiM:! itinrai.

'irine f round-water flow {equation was solved u<tin|| a
function model (FLONO'S) based on the

daal formulation of flow (Frind and Matanga, 1985). Only
a oifle solution olF the flow equation was required for each
niUEtlaYiion because the ground-water flow was asnimecl to
Itu: act steady-state. The transport equation was then solved
uiiiiiEii; a general purpose white transport model (FEMTRAN).
Theie inixkb, developed by E. O. F'lind mid I: A. Sudicky
in: like University of Waterloo, have been rested extensively
and icpplicd to n number of immiom.

niynkaiil Snriri:iiri{[|
T1rie viL|ju»r and f round-water niKwIdi were applied to n

l5iy][ioiln:i:ii:i,l j|;Ml(j(|;i<: i«[inj|; jjri a huimidl, itemipeirate cli:nvin:ic
K||>I»EI iiiiitteinidlied to be repritMiuative of iiouth-iE'ientiral!
CiimuuBla or tlw MinhiaiKiiirm UnitiiMl litji i«:i Alt:hou||h ithue
i«i«ukl» will iiciciominiiodliiiw hi:ti!to||i!tii!iiy timd iimiiiotraipy. it
niiiiif k: i«rti[iiii||! a>f nit um: tunlfincd ai<(|uiilFeir in a homogeneous,
amnitrofk. medium-frained, luuridy iiir|Miiii t w»,a cawicleired

«<» uhow ulm: |]KHerniiil iiBpnia of wipor plumei; on
r qimlt'ty. A ichneinaitk repra,enta.itk)iri oif i;l«

, wiiiii poimul in <rd vapor amd froutid-waitcir ipilunncji, i»
IEII l: i||uin; I dorm; with the dkmiaiinni and iKiunndairy

liurmuliitioiu, Tie phytioil! properties <Fbr
b>tnh dloioiuiiiui «t inniiiinarixed in Table I.

IFltte soiJ nnoutruine comtent tlii'Mij|;tiouit the uTUiaicuratiedl
xoniie wai; awumed to b« iimiforari at a llkldl cipairiicy ol 6'v
of iHiBi volume. In reaiiiry. there in a naraitiom iioinic of
f nMliully mcreiiituiin irnoiciwn: oomenn nlMivt! th« iiatuimtiedl
une. but i:h» wan ignored here to avoid extremely iimall
elements near the capillary- fringe. Increased moinure

content!! rn:;ir t:h« bottom of thir un:>:iturji(:ti zone % \ n u l d be
expected to inrduce vapor tninspoin: iratcj jn:I inn caw niis/s
panif ioni i r i f t to the iqucou;, phaie.

The source of organic vapors was assumed to originate
from a hypothetical surface spill of 200 1 (approximate!}
one band) of uichloroeEhylenc (1C K.I1 which spread out
uniformly over ;i I irn by 9 in area and infiknmrd u n t i l it
reached nesiidual i .anjr i iKjn Assuming that the residual
iiiimmxHi wan unilForrn at l:S><!t of the pore voluirnc. which
a within the iranfc reported by Schvrille (1908} for m e d i u m
muml the reiidiial liiqiuiid Kilvent would penetrate to a ilqnh
of 1.2 in. We nnirinrne that vapoiixation was fast enou(!h s.o
than the l<Kiil Mill fit mas continually muraied with TCI-:
vapon, and tlhiyiit ithe vapor nouircie would have n coivitaru
coineenitratkim of 7.9% (by volunne) and a irdativic density
(compaited to air) of 1.!). HUE coexist ing aqueous pha:ie at
cquiliiliirnirn would be iiaturnted vrith TCE at a amceruniion
ol'iiboin: I KM) nii|j[/l.

of Uniwiuriiriiiid Zonn Modiilino
The iremkii of thie vapor mode I a.ire shown as plots ol

one-half of the uraaniraitied domain because of the 'lynvneny
about true residuitl Kilvent Kiurcc. The iFate of TCE was
calouliited four the half domain and is summarized in Table 2
for each of due vapor simulations. Mass balance errors were
lens than 0.011% of the vapoirixed mau.

'The contours in Fifiurn 2. 3, and 4 show the vapoir
concentration icxpreuedl as n fraction of the' source vapor
concentiration {43 0 rn|['l |!a<i). Fironn Henry's Law and tbe
aiisuinption of equilibrium between the j!a:s and liquid
phases, the vapoir contoun correspond to aqueous concen-

T«JE>lii! 1. Simulation IF'aiiraimirtiiii'i

8.0 X 10'" m"
6»4
30%
I . 6 3 |;;/ml
3.2XlO"*m*/s
II.0 m

2.96
0.01 ml/1|
1.11
0.3 m
4 by 24 m
I :i by :l I nodes
600 cleineriiui

11. OX l-O m /a
30%
3.OX )0'10ms/»
2.0 m
0.11 in
LO
10 by 224 m
21 by 71 iriiMlen
2800 elements

20'C

:.t;iii! (batu
Effective pcnmeabiliity, k"
Eulk-'waiceir coiritent. i!>w
Porosity, iff,
Eulk de:ri<iity. ,0\:,
Effective diffusion coefficient. D/
Lo!ri||;inidinal dlkpereivin", or^
Tiaiuviciw d iitpersivity. a-r
ItivitTie Meniry'n oonstiLiirt, K),
l*iiri:iti<}niiri|| coefficient, K,j
Calculated ireiuurdaition factor. Rv
Water-taJble dilFfusiom thickness. hw<:
IDomain dinrieirinioiu
Doiriuin diiiciretiuition

Setunttd lour
Hydiraulic conductivity. K
I'oramy, li,:
lEiffecirive diffwiion coefficient:. ID,,''
Loiifitudiiiuil diii|M!i'iivity. iEi;[.
Tnu-nverin: idinperavity, nij
Assumed ireitairdacion factoi, R(j
Domain diifiriemnions
Domain diiicireuu-iition

Temperature. T



tntiom inn 'liiiir noil flioifliirc an a friction <jif the solubility.
Millionth die drankinf -water iriandard ftlr • 'ttE is about five
orders of ncHiipniitu d<: lower than the solubility. only elver
fint three OTikrri of iriuf nitude are shown on the plots, since
numerical idieipmion may cause significant en an at lower
levels.

tar Ciniip
'nil! ilium: one simulation shows tint vapor plume

development for die medium-frained umd dcpoiit described
jgni die pmrjowi section. It it intended to be wed a<i n basis
for «ii'ri|fiiiri]i||! the remits of din: sensitivity iiniilyses. It wgu;
uho used w iptrniETiK die mum: if unction for due ground-

UK Inane au»e vapor phiiinc after 45 , 90, and 1 3 !i days
in iilmown in lF;i|pnre 2. Th« jiliiipc of the ba,K <:ai»r plunne i$
very iKtiBikrw umikiionrut comducted uiiini; a xeiro density
liroilteni: tent lf:i||;inri: 4) <ii-luirli indicaitiRt than dilffuiiiion is the
(i»[iiiBiiicHiiiri: nmyiui|K)n nne^namiitiB. Tin: effect of dcns:ity«dirivirn

i i» JbHurcly (ili:i:i:ciiiil:il« but it results in due contours
- inrdieir frm the tourcc mnr th« ljoi:i:om

nl itlw: idkxnuinL |̂uiign, ii: nhould be irioded that vapor ;rn i|[i-a-
IKIIEI jmiti: iifoowc diiennner table would »« expected 1:0 b«e
dowirr i:li;icn nitiuwiji bueciiinite of due increasied retiinclincion
wiithi iinicreaiijigqi itnnonHEiiiife coincirn: thu wu not nccoumed
for in die in'ionalaickiiKi..

The biiitne ciunt ainoniJLiitioms iinclicitte that vnpor n-iinspon
cm cause ratnidl ii[)iri:gu[li:ii|| oif oinumiirianu froiiri ;i rci>idu;il
iifliilvemi: jiumiirce im ncnginxumiMl w.rid. Tine iiouirci! of potential
l|;̂ l:(̂ lJ[ll]̂ •1n•lrl)!rl i:i:rn:[j|][iiji:i];n]i'!)ici nipitndj with the vnpor plume
iiince tin: w|Hm willl liisHilvr iuruto tine local iioil m on; tun;
uid ciuti Ibe ii]nuEti:p>oricd larar ito tine iuitutaned xon« by
iuc|u«»)iiuii-jpliiaeie dittnn'iomi,, iiinlFiJtiaition, oir a, fluauiidnf waiter
table.

SemftMty Anfym
L Grwiiiiuil Suiiiacir EiMiinidiLiiy

The neiwtivhy aiDkalyiciii on the ground wrfacie bound--
airy ciEwidition nhmMi die effect of ruuiral veiriicinfi to the
iitioriflfflphere. The iriluife «il itJhie Y,H\H»- plunne iifta 11 35 dayt i»
ihawn iiDi Fifuire 21 for dm: aain of an iinp'trrriKiLtok ([round
wrface ciovKir, n |peiri»H!iiJbl« ui'oiuiiiitl liuirfacie with n chick
Iboundany llnyier Cli(|,, •> 11 INI), nnid a permeable ||irfliumd »urfac:e
with a itlbriigniCT bouuEudhury layer i[lii|t)l «> ;i !! am). The diiickiiiEu
of due b«iiiLiiNEliury |ji.y«:r «ilf air nlMivie die pou rid nwi (a t ir
rairaqfifliiiitk tto ubimt KwiiHiniirdlt tiie )iei||Jhn: of the vcf native
«iv«ir i(Olie. 197l!l]i. For egielh olhche peraiaible curt, ithe
||T<Kindl lEiirfacie mi niMleled u beinif; iinpairEiiaible to ii

i froiEii i:he MninneK! 1:0 ftlnciw ithe eflfecu of
; in: die e«lne ol ;i coveir.

onl'die ipentialbllie ||Touirid mirfaiee iikriuliitiora
iihow dm I'lrmiiiin; w litue uiiKiiipher c can Ibe inn imponiiiiic
iiTrciinia/tiiiiri imiMEiiajiiieiiDti for vapor phunn, a li:houj[li due
iHFIecit diiEtUEtiieiitii:;! with durpith below rln: giurfacie. Am inipeir-
neable imrfaot cover loriiorikniixcs niiraiia.1 v<i>iitui||;, dinirreby

arail i::i;i:irn t o!F the effective wurce of
l-waitiEir leoiriuiiniroaitwin. V'ii|jiore will r̂ iniriually itp nssmi
l tJtic liioriintii df a nirfiice icowr wlhoie inf iltration can

1: turnip on di«i>»h%d coivtain ina n w to dne wiiter table, thacby
counceracting the remedial effects of the surface cover.

;tc ll'-liml

OCH 0 001

Ii!
I t ) )

ii'Min)

CKM

lit
(C )

Kl

l!:if. 3!. liliinit cnimi TCIE; vni||i«ir ipiliuimw illiirir»liEi|p>gB«fi1t: (nl 45,
lib! Ml, iniMl (IB) 1I3IIS) dnyii. OnintoiiLin r(ipri<inniil: vninor
mrtionrui iriiliittiwin W Itllui MWKH viipor ««ii>(!iiiirl:rirl:ion(1 or
iiinuivtiteivillv,, mini rniiniiiriiiini {(iiHi(Eiiiiiii'iiraiti«Hnti nilaitiiMi to
imitiuiratioiri.

This inrudy did mot coniiider HOTIVC ifacton which may
tine uirouirid surfiice boundary flux. Eiiroirnetric

prciEiiuire flucnia.rio n:s irnight inricirnie venicgil dliiipersiom runr
the fround nurface reini!tin|[ in increased veni:iii|; of TCI: to
the aiTiioitpiha'ti. A riisiiif water itablie would ilito incirca s-:
vieiitiitijj: to tine aiciirioiipheire. Oifanic-rich stoil layiEirs meat the
fround surface would deaieiiK ventiiri||: dirou|[;h an incregiitc
in soirption. Similarly, sorpcioin onto minciral xuifacegi has
been iliowm to uncrea»e clraimaticallly at very low moisture
contents which can occur near the jtround surface (Chiou
a,ndSli,oup, ].9l!!i).

2. Wiittr-TnLble lEtouncbry
A sensitivity imiiilygiis on tine wjiter-tablie bomnda.ry

condition win; conducted to det«niii:ne: tine eflfect of diffuiiiion .

COVIMI

lit
(0)

Him COVEN

lr% 31. lEiHfiiMiti igilf ttliNii flprinuiiiHEl iiuirlri«:<i touiiMlnnry cwidlittioni m
TCII: irapaii iiillumiNi mhtmr 1M dnyi: In I iinnnmirmoiiMi! nu rfaet
(b«w i:inMil. (nil « thick IlKiuimdflurv H-iiv«" Oi1|:| " 1.0 mil, IHM!
(c) a itlliiimirHiir Ibou<ndary lirvmr III,,,,, " (!.;!!!» ml.



Tatolii 2. Man F*tt for Vapor Transport Simulation*

Simulation t

lil;i:n: case :
90 davs

135 days

Sou ret

•K)2
4.79

pbne (kg >

2.23
2.66

RttJtrded
phase ft ||)

1 .79
2.1:!

Atmotpberic
loan (kf )

0.00
0.00

Water-teble
losses If i

166
5.09

Ground surface sensitivity (1 315 days):
hp •> 11 .0 inn
hp it 0.7 5 inri

Wiitei'-table sensitivity ( 11 :) IS
l)wl « 31.0 in
hw, " 0.031 irn

Permeability sensitivity (90
Diffusion only
«;" • 1) X IO"'1 m!l

5.05
5.15

days):
4.79
4. (II

days):
3,47
7.55

2.03

2.66
2.56

11.91)
4.19

1.70
11.6:1!

2 .1131
2,112

1.S9
MS

1.24
11.50

0.00
0.00

0.190
0.00

4.76
'1 (SI)

0. ISO'S*
SO. 15

2.0:1 '
7.314

Values are for the half domain. 1-irn wide in the third dimension.

into the saturated zone. Vapor transpon siinulations were
conducted with time different nun uaiuilFer codlFicients
which correipond to bomrtdbiry layer ithickneiiwn (hwt) olF 31,
iilO, airid KM) earn. In all an«. the inu» l i l un ncroijiji the watei

• was nnall «nonyi||jlii to havit: a irief li|j;il>lc lEil'iEeci on the
: of the vajpor plume;; howeveir, it icnifln have a consider-

iLbly inonriE innpoiirtairii: effect on pound-water lEjunlity. The
nuiti, fate valuei; in Table 2 confirm that there win; little
effect on die vapour plume, but tihie nniasii tninspomrd into
thiE' utmrated none by dilFfwtiom Jilwu: «.n i betweem 0. !i iind
ISO j; for the half doimain alFter 1!) $ diiyii. Thin nriay be u
connidiETabk load niirice the U.S. lill'A drinkinf-water litandaird
for T€IE[ is II f^/l. Ground-water containinatiaiii iniiiy there-
IFonre occur evem in due absence oiF iurilFilltntiom or water-tablie .
IFluctuatiom. Tlniii, di<e water »ble iihaniild not be icomsidered
am impermeable boundary for conitairniiianit tran»port IFroirn
wlvent vupon il pound-watier contaniiinatio'iri is thie piiinary

•!.
The !iemiitiiviny imlyiun olF ionait«niJ peirm«abiiliiiy

uhows die ipotntdal dEfecii of ikiuiiny-driven vapour itdlvec-
tion. Ibi: w|Kiir ifilminruEa nftiiir DO dap aire diowm in Fipure 4
IFour ii pun: dliffiyiiiioiii caait witii dcanniity padicrin ranrioved,
ithe ba»c cunt,, mid n lii||lhi-p(:nir!i:sil>iliiry cwc wiidi im onrdeir <olF
uniif ninuk iiuEirciiw in i|i<!irnrii!;nl)iility ireliitive11:0 die b«e nine.
Ilfcie ihif hr'pciirncabiliiy inuinnia] ia ««|uiwiiileiiu ito a deam eiMrike
nairid iai|ueoiiiiihydiraiiiliiE: conKkiamry. K « :IO":> nnu's),
whurmii nlw nnaitnial oiF itlw bane caae in equivalent to «
dea.in irnednim ttnd (E m IO"4 nn/i;),

lllaaed on thue annniliuriity berweem the Imti! acne airid the
pun; diJfiFiwoiEi wrnitilnwirHi, it u eviidemn tit in: rriolenilnr
diffiyiiiioii.iii itlw domiiunm vapour inmiipon niKluiiiiim foir
TC1E: in a irnediiumi und depoiiit. AdMicicion hNeeoimea iineiican-
iiri|[ly iinjHiirunn a» the pernnieabilivy iiiicrciiMii, a]!iiJfcii:>'Li||;!)i
diffutiion will dlonniiiiuiiia ncnr the periphny «i<F the mpoir
pluimie becMiai! the idcsiuiity pudieiitit diiNiiiinittliM ait lower eoin-
OEirimtioiM. For chainiciJii whow! vapour demiity h iai|||iu1Fi«
cinttly dilFlFerew IFreinn uiir, mlwirface vapor iidv«ctk)iiri ithomldl
be eoiuideiTd uiniciil it it «h<own to be «||li||il»l'C IFonr tlrie
iipecilEiuc chemical and ||irolo|[icnl coKridiitiom. IModela which

nq|lecit advection may lyinderettiimatc ithe irate of vapor
itninitport andl faill to> provide comeivative c«i:ijrnaiei for the

i of ' iround-mTer

llsi{iHNLilil» olf SiirluriiriMl Zonn Moulding
The saturaited xone siin illations diow tine

pliiLciiri||; an iinperaiable icover on tihe ||rouirid uurl'iice over
the :rei»idlual iiolvemt in an imetnpit ito reduce § round-water
coiiitainiiuiion by i[:oirii:roilli>:ri||; infiltration, lin the lE'init cnwi. it
131-irii loii|| iimpeiiriiieable cover wax placed civeir the center o:f
the vapor plume, and infiltration wiut restricted ito the
uncoveredl areas lln the second cane, the ground iiurface

y »>'!i:i completely uncovered.

Flow
The neady-state niround-wateir EllO'W model wu uied

to calculate the velocities needed to salve the tramitpiort
equation. The (Flow model xolved iteratively four the poiuiticiir
olF the WHIST tablle baaed on a pmer ibed head valiue ol HO mri
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<> i m

Id
l:ii||. !!>., On) iSMuirmtnd iont flowntt for th« mincowiid am
!ita>iviiit|| 'iNi (octtion of ihii minfllnl itoimiiin for tht vapor
linrmyihiriitxni;. TCE (|i'«,iirit:l-wntiii pluinniii; iirhoir ihntii yiurs iinud
iiiltiu I ii:i)''ii:iinriitri>i:ion fiLiiriintiinm four lib} ttlw cowiim) iciiuio, nndl
Id An luiwomriftdl anm, Contours rni|i rusii rn IMUJHIOU i concur-

iniiintivd to saturation (11100 mg/U.

cm the Mi boundary and a prescribed Darcy flux of 0.03
iiri'ii MI itlini! right boundary. The lower boundary win,
innpeirnixable. Infiltration was. considered constant at 25
cm/VT over the uncovered portions of it hi; upper boundary.
For both cases, the resulting horizontal velocities ranged
from about O.OlEt m/d (30 im/yir) near the left boundary to
(I I-I in/d (50 nii/yir) near the right boundary, and the eleva-
twin of'the upper right cornier of the domain was 9.12 m,
Figure 5(a) shows the flownet Ifor (he umroviered caxe The
covnaml icuc flowiici: wan very iiiinilitr in uppdi ram: c.

Ground-Wtur Tnn$port
Tli'i: iirip int of TCI: 1:0 iii« wiiruinrtcd xoirie wu calcuinted

ueiixij; ii unni|)i!le Ifiliti||-I1aw iiiiifiilcntioi) r in odd. The nun flux
«>wi delFinedl l»y multiiplyinf ithne iiilfilltniiom ntie by the
nijiueow TCI: coiKcnitratiioiri in: dint mi:<rr i:abl« The diffuiivc
inx tfaro-ifh ihi: capillary lfrinn;e wan iconiiiicleired to be
iii!]|!li|pbl« by campuwim. l-or ihe. cowered CUK. the Unix
li'MiiM tin time coveir waiti iipecil'ieiJ! ito be iiitro. The nquepui
Kwicnntnitioiri nt due wiinrr uble wan wlcnc il lironn nhne ba»e
aaie V.I\HH itinnula'tion ait 113$ dnys. The HUM <:a«« Keniirio

l itimce the comcenicraitiom dliiithbuiEion ait the water
inn mot paniculiirlljr" M:i»itive to the ([round uirfaot

condiition. Tine time olf 111! diiys «.;LI chaien no
ill it tjbie irue olf ncr. niiiu iiipm: by vaiporiutiiori nmto itlvc
""iiitaitnrated xone wits of ith« iiamie oncler u the rnite of mm

|),y jiiriiFilltiratioiri unto ith« f round-water i:on«, a con-
i would icoirrcxpondl 1:0 in;i,l)iili:ui:ion of the

"uiiutniiraied xon<e plume Although ithc ;i.c:ni;i,l ironcenitntion
i at the water table ehan|« over time, (his

nnsipi.hor was iroriikideired iiufficiitrnt 1:0 shorn the effects of
ic:oriu'olliir>||! infiltiriiition ithrou|;;h » vapor plunrii: The u M t i r r -
tafol't concerutriition di$i:ribuitions u»dl for each case are
ithown on Figures Jj.i.bi and J i < : i .

Figures !i(b) and 5(c) show the dissolved plumes a f t e r
three years, for the covered and uncovered cases, respective!;,
Since ithc ironcounurepreseni: aqueous concenirncions i rc iar iMC
to laturaition. the oucermoiit contour rcpresentj.» concen-
tration of 1.1 irnf'1 Thiii ironciEiriitraition is still several orders
of 'magnitude ||in:an!'i diam the U.S. I: I" A drinkinf'-uan:;-
litandard of $ jii||/l aind i:lnin. the xom<e of contaiTiinacton
nctunlly Kiniidn for iiomir [ItitanM: beyond ithix outer
eontour. Liiniitintwinii on the accuracy of nuirnerical model
liiiTiulatioirii) prev«ini[ at ifnlll dctcripdom of the problem to
conccnciriitioiiii u low iui the dnmkin||;->wa,te:r tundard.

l: or ih«3i<e dirae-ycu uimulacion!,, the mans input to
the grou rucl-waiter notue ifoir the uiriiEOvered camt wns 6 1 !i kg.
m'hereiiii i:lvc input for the1 covered case was only 0.91 kg.
While the extent of f round-water contamination is Ins.
severe in the covered CUM:, infiltration beyond the limits of
the cover still annum extensive pound-water contairninauon.
Coniiido-inj! the low drinking-water itundards for TCE,
a,li:irnutive remediaJ niieiiLKurrs would be nrquiired if the
aiquifeir »aj to lie uwd for a, drinking -water supply. Ground
surface coven (therefore should be considered only .11$ a
partia.1 Ifornn of reimediation for vadoite zone solvent spills
und should be supplemented with vapor control systems or
nkenutive renriedial straitcgies for maximum effectiveness

CoincOyiiiianii
'Vapor transport und lubseqiient diitsolution of volatile

oirpniui have been shown to be potentially irnporcan:
sources of ground-water coiitainiiution.. For a spill of TCE
in a permeable undy outerial. a. vapor plume will spread a.
few tens of meters throui|(h ithe unuturated xone withim »
fevr month!; by inolcciilar diffusion arid possibly by density-
driven aidvecitioni. IPhue tiransfirr reactions will coirutamimatie
the soil moisture within the vapor plume and sipificairidy
increase the six« of the potent ml source of ground-water
contamination. The dissolved TCIi! may bit crainsported to
the saturated itone by inlfilltiratton, waiter-table fluctuations,
or liquid-phase diffusion across the capillary fringe.

The pound Mirfuce boundany comdition is a sensitive
pairairnieter for vjipor imispon. A perrneiible ([round suirfa.ce
allows lurural veiii:iiri|| to the ncmoiphere which reduces
the lateral extent of die uirisararuted xone vnpor plume.
howiETer, it also allows infiltration which can Ifhuh contarm-
inaited »oiil irnoimturi: into the iiamrated xone. Ajri iimpenne-
iLble cover ovcir the ground surface will reduce mrlace
veniiiij! and imcireiiMr the Interal mifration olf the vapor plume.

The water-cable boundary iihomld not: be considered
impermeable to mass ttrnmipon: wheiri investifitinf the
potential for ||;roundi-wata' coiititininntioni from solvent
vapor plumes. Liijuiid -pJunw dlifliision ca.n cause a. flux of
volatile orpinics acroits tint ci pilhuy firi;ri||e Ilrie mass fluic
by dil'fusioiii aloini: in ([erieirally too mniill! ito alffect the shape
of die vapor pluniie; bowevcr, it may ciwie :iifiuficar>i:
contaurniination in 'the groundi-water itone.

Ground-m-ater simiLilationi diernonstnte th.ni: a cover at
the ground surface can greatly reduce the flux of soKent



inuuii; » the lEiitwrated iiome by preventinf infiltration thiroudii
tilnr iTiudlwl source nod due concentrated r«||ionii of » vapor
plume. However, bectuse of infiltration beyond the limits
of 11 surftce cover iniiiil the low concentrations of concern,
iilns refaction in muis flux does mot laid! to i> comparable
reduction in the site of the ground-water plume. Surface
coven therefore are iron eomiiElenicI to be effective remedial
iiiwiutum for the protection of fround-watcr quality.

Although tlii! simulations preircivned hen airi: for TCE.
ihe irramlti; generally cui be expected to apply to other
volatile chlorinated solvents. Similar behavior in lEiipecwicI
iinci! many other solvents have lhii||:h vitpoir praunmii HIM!
Henry's coiruttiiira, which. favor vapor phwe itrniupon in the
nuiduininiredl mine. In mddition, igriull nmountii of solvent CILD
<E«iiuiiiiiiuK kif e volumes of j|irowrid water to iiindeitiirablie
kvds beauiM! drinking-water miiidaidii are generally very
Iktiw, For ouirapk, 1,1.1-trichloroethane. which tijim 11
Heinry'ii nmmin twice lEhnn: ofTCIi, will mifriire jfiiMer in
lElnc niiuuimriitiedl JEOIW. DidiloiriEM]ri«i[hiuii« hint % Hainry'i
coiwcaini: tlut in ic»niiMC|uinrt«!r tl»t of TClii, w inipatiioin will
hie nkiwer; llnaweva', iitx ihifh iiolublhy will plm:it kif e
luiEiouititii of iu» in the noil! nrioiiinnw <:h;i t cam then be
nEauiui|3H()ined ito tine nirouitid-witiEeir xoitic.

More ireKiiich in required tin order to nnioiie fully
widenmnd dine pracann by which iii;|iiiifien cam become
icoiiiciuEiiiiiii'tiMl throii||;h viL|>oir tmii!i|;>oinc. Itm piiniailnr.
<!]qictiDiiineiitJiJI diitn «ie mecauiry to viiiliiclatn liii!! thraireiEiail
bmiiiw foir the ideniiiiry-dlrivem iclviroirioin of vapoiii, airuii
lulldiitiioul clwnriiciiilii ii.nd feoloi||;iciLl irttiup should but

: auiiinori) expires ilueir tliuinlEs to j A. Ohmry airid
€. j|. ll:iiu[<E|uihu for tiechmiciil jiuiidainice nnid for iFimaiticiiiil
«n;ppi]in tjhirovi||;h thciit Nimrnli SciaiiEO and lijif ini:i!iijri||
llbeiuEinrctai COUTH: il (NSIilftC) ||raiciti ISkholiinihipii from
NSUlC and the Gat'entiinienit of Cuiitario, niiid wppNon Ifroirn
thc.VnJvenity Coiuiortiuiiin four Sotvenu-in-Groundwtter
llteniaiiThi, which i* i|poiiMired by tline Gibti-((ki||y, Dow
ChenniciLl, mini GEinniill Electric Gornmp>iijuen, 111% nlw
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LARGE-SCALE LABORATORY EXPERXME1IT& FOUR FORCED AIR

TOLATILIZATIOII OF HYDROCARBON LIQUIDS XH SOIL

ll[iitfi> t in i tot wm It; lilt*,. Billy J, Cl in bo inn,, Harry W. Parker,
Do u |); 1 m ii WilkiiiTmom mind! Mob minim unit ill, Zmmma

«

Tmxiim Tech U i n i v m r m i t y ¥ in t .er lllemouraitm Cm inter
Luilblbockt T(«11:111111

ABSTRACT: The pro cm mm of In mitiii rolatilicatioa of
1 :!.<], ii :l.d Hi j dl roc ii r bo B ipol lmtmmtm hnuii bin HID mm ill eointi iEiMinm to lit
mp pli <m <cl HMII c IMS m in I! u 1 1 ;i mi field mi tot in unround thm c o u n t r y . , This
tmdtiniqiJie 1:1 1: 1 1 1 :ns n mir vincmiin vmllm whlclti rmmo'vm Iti j d roc i i rbon
Tin porn f rom it: IMS mil b 11 111 1: li m <: m , iiimiil IIIKIIJ ml mo imcliadiii mir 1 m J <K c 1 1 on
wm ill in to coiii|>liM:e thin f low circull:, Ciirriunt: ill IK ;ii :l. |); n p r 11 c t i c m
I! or t Ih m in «t ii y m t: Hi in ii coeinimtiii of p i l o t - m c m l m o pier ml: ion :l.m m iiiniil].
IJiortlon of in poll nit mill mltis to iiMiitiiibl:l.iih o p is :nn t: :l. o 11 m 1
IJKiirmiii ' i i t i ir i i i i , j fo l lowmil Ibj iiciiiliaiji up tkm proco tmm to r mm to ins th«>
ticil::l.r«i! mil:m, Lit): In work hmm jmt bumni doicid! to diiMii c r I b <e thiin
wolmti l ix i i iCion iiin!cl]imi]iimiiiii im pox-ounn mm dim for ill «vel opium at of
Hi a mccioirmtii! mod ml for di imif i jn of thiiMiim m j iM: m m 11 . Urn is of f ield
«l in Km IE or I: him pur | jo ini i in l imiitind iiiihii to Imck o:l! control ol!
initiml Hind Iboitngiidmrjr cooditiomm. Thim r m m i s m r c h projinct wiiui
IE or m ml in I: mil lino m o i i w m r l :h im l E n n m d . Two noil coluiiiunm,, 10 f n m t in
In mi in hit lij 111 f m m t :Ui d i i i immt i i r „ w m r n iiiiiimaiiiiiblLiid mud :l! :l. 1 1 m d w:l.l:h 11
f:l.nm miiuiid,, Ilium mo inn: in inn conil:mai: o:IE thin mmni l l wmm mint mt f imld
cm|>mcitt:y, A niiiiitniinii of p imntmnt i i , , I h i n r c m n t i n , , t o l i u m n n , mud :n j 1 m n, is
wmiit iti ii mill 1:0 iniiprminiiat m pintirolmuiiin f i n m l „ Tbn h j r d r o c m r 'lion
in in: t in r in wmm :l.i!il:ro«lucmd to mm): mm i initiml cooditiora im thu
m in mm tin inn tin id xonm with innmidu iml w m t m r migidl l l i jd rocnrboic im, . Forciic!
rmdiiil mir f low wmm cmui i imdl llij in irmciniaiiin p u m p co io inmctmd to m
wmll ;ll in thin ciiniiitinr oli m u c h colLuiimici , llluilk liquiijl mo wmm mint wmi i
imo:n:l.l:ormd with ||t 1111111111 d <n n m :i. i: j i m m m i i i L i r m i i i m i i i t m , , mind h j rd rocmi : bom on
conciiiEitrmtioinim in t lhm r u i i n o w m d mir w m i r m miiiuiljiLiihil by gmn
chroimmtoi t i rmphy, , I him ]pm||imr pro via* mm t rmiior i : of thin irmniutmil
dm I: in mmd idmmcript iom of n i r m l l i m l n m r j imodlii l inift mf for tin,,

XWRODUCTIOH

IKiimtoinntiom ol! co in t i imi inmtmid f r o u n n d w r n t m r m i t m m im m immjor
c ui r »• m m i: 11 m v i r o n mm m t n 1 c o n c m r n « I in II! i 1 1 r m t i a m o f o r g m n i c
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ENV1BONMCNTAL SCIENCE to TECH .OCT. Vwl. JM. I INN)
•"'« A»»«rte« Cfcwleil Stttety mini r«|i>runiiNl by -, ..irimlmiioni W Uh« «wii,.iir.

Eiralliiiiailkuni elf Sannipllllng Method Effects on Voltalllle Oirgaolc Compound
liirn Co«ili!iiTiili'ialtiiii:l Sollte

NOV 2 6
I, lltlinpM" iiimEl "><»to 0.

ScinmiMi DMmiEMi. (Me Rld^n Mnillomnill Lntanilory.11 Omlk Mclgw, TnimiiMMiniMMi. 37m, imwl 1 ruitlluitm loir
MCI IF>dhLiUon Nmimimdx M-.11432. AjiuMMLH, Nonwwy

(III An iHiperiiEiMtot wiui conducted to arvinliuiitn l.hni( <itlT KOHii
of wniiEipk diiiitucrbiiiMe, container ItHimdnpflicn volume HIM)
integrity, IILIMJ! nnapk praiMiirwntikgiin ona vokltik ouipLinic
CMiijpounnd (VOC) raminmiKianitfl im otiiciltiiiiigiijruiited noil A
many Mil wmi ojinitenEiiiiiiitnd unwind1 OEMCittrdlkd! ocindMJioimi.
mt 110 '"C by wni nqunouui noluitiioiii «90iiiihni!iiiiii||| inn; tiuripl.
VOC* iMitJhykM dilkiridi! (157.6 imnj/U, 1,2-dkhloro-

(130 ii!i|| /][.,)„ ]|Jl,,ll«1Lrichlicin]ii>UMuri« HHEi «||/L), tri-
(Ill) nii||/L), \lo\uv. mt. I[4.IS> nri||;/L). nmJI club-

I['!.K iiam/L), R«pliaite IKMIJ iiuiunpiiiii mnn item
by iclifeeit iini<i!th(Kb lit mm auiir teiiniperiitaR d !!!(]>

'"C. Fair nil yOCni, ttte hif Ihiiiwt i:0iM:aiti!trati«inn wim INMIII-
rand im uiicligitaurbnd inoi) nuiunnpliHi iiDiutnuiiduiibitly uiiitnmiiriiad
in ni«tluniK)l iiini Teflon •iwinluicl n;lii^n I>oi1tk». With l.li4>iM!
meiimraEiMKiiiltn inn n relimiM:i!, Ite rniiinlwe mpiltiw Unn wiui
lhi||heiil: for ramtiiiimeir iintiifrity (up to 1100%) inndl llneli: of
mthiunol UEiicnenriam (tup to II- 1.'%) iiiniiil conmidmmbly Itvwwr
for ocnnitniiiMiir lh«!iiidnpiia! viciliiiimi! <(iii|p to 17%) ntind noil,

(tuip to 15%). This pioltiimltiynl far imnpitiw llwuii
to IN! rambtiid witlii Ithn VOC noil imoirpltkm nlf-

(iji!., knw J'C,, ml high K,,J. Foir iiocwnte innenmre-
inmlu of time irmciri! vmilinljilie ociiiripouiiKb,, irif orous iimunapluriu;
prawd!um>» nra

VdinUk ornmniic i:i»p<wni(l!ii (V0€n]l iiwchi lien Itrichioro-
iiitilnyhiM! Hind iohmvK im priiiimt in diwrnn prodkiNCtt Ibutiwll

imcl luriK conniEiiioirily imgiionn tJlue coini-
tnolliiriii: coniteignicnuiunitii in nite KiiEKidinitwiii prajkicltn. Sinn
idiidmikMrin iriinpuidiniii; itJfiai nif iiiilFkiixioii of amitenEiiimiltioB imidl
tlti€ iiiiitemt of dnmurap llunw fiur •rwndiinf nlFlFncbn, it im inn-
winitunl tlut (.\wy bn Igminedl oni incmuiinltm niienniLirenEKinte of
HIM! VOC coiMHixitnntiauu praiuixit. Undloitiwiitely, thin w
difridnll to nchievn iuii tbn iunntipli!iit||[ pirocnnm itiii nniitojk'cil to
iiiiiminwin nourain oil' imtdoiini nund irgnitnainkiitk nnorn. Snxm-
pln nidllectioni iund llunndlllinf indtMtkim ami amUribuitn nb-
iiwly ILiuifn inrrani amigipimd! to tbm nxunlynim itoitll (ill. Of

Wmii !(i.ii,, niKiinuiwwdl vnilluw Ikniui thiiiin
vmliw) in |]»itrhii][»i Ume mount nif inMkmt IIJIKE! ncidutl: diiffliculll.
to id«!liii€iite nirid i»(HEi(trol. Tkin iiirngm' in ipirimdpiiilllly aiywindi
by wdMiiaitei lioiimnii idluuriitifi; iKEiiil muiijiphi aiUwitim,
iitoirflnp, IIUHMJI llunnMillinf.

lliam IILI-II aiDiiniigitly IIM» imiutdiidKlJUNnd! ipiraeiidwani far
: inoillii far VOC lueuiJyiuiiiL, llici l.h«ii United Stoti^,

ndll lumplaiii an dFbom «mitflLixHinrii«md! in Titfbnt-
pmiii jpiurn iiinHJI iiuifripiniiUicI nil 4 "C. Hownwir,,

pndtknjl nxigmnrimen ninnd! IINCHIIUII nicminl. IlkU rannmrdti IDUUII
inuf pnttnd aunt iiiiEimilii praoiKJIuainn iinichi nun <thnn« muny \m»A
to iiubiiUuniliiill wrar whn iiuiuEiipliinf noiilhi feir V0€n nuiMil
iiiltKniintJwii procndwim II.IK IIKIW bniiinn pniitiMitodl fl). Yait
Kioiiitralkdl irnniniurdfi llunn no iFiim |:MIII«I Imital;,, dum liot pntrt to
11 ilndl; of n imwlJIiodkiiocr far nflncfciTii uunlyniiii of

< (CM lltidiri Niitenl LiillmirnlUHT (CHflNL).
' liKHttato for OwgiiranouiiiiEWi iiiitull IF'ollkKJodi Iftiiiuinirrli.
"OiMirnifflBl Iv Mnntign IMIiuriotldi £1111110 %nl«»im, Him:., mmfar Cm-

Urnd; DI^ACOH.II40IMI«()() wiUi tho U.S. i:>it|i.iariLns.iriil;
N<» 3941, IGnwcHwrnnUil S>E3Mni«nn ORM1L

pirobli! in. Lm \\Stw mpwhmvA daioribikl Iwirtiiim,, in
d0l«cir "|r|111 idiirvinkipnd nunid unnd to dntoriBLiM! this VOC
iniMuinwiiHoiMtnit nifliictn <oir n«rvwrnl IkEiiiy njniiplluf anltJtio»dl ml.-
(tribute)!. Thiiii pnpwr pramiiEitn 11 iiiyiriopwin ol Uiuin ranmrdi

liliiltmilu iiiuny b« fauia«l nteiirhnm {3}.

Methods
Am inromi: In. To iniuUn the mlluntioiri

of MJEiipiiiiiiii lEiiKiilJiimd nilTmdtn,, ill wiui iriMnnnuiury to IMIIVW n
wluintui of nijitll iuuiiiiforaily contiijiniiirinitiid witili V'OCit. DIK
to niritidpiitodl inniibkrinii with uigtraiiitailbdl I'iultd eiMidilitkHrui,
Him njEpnriminnitiiJI mppnindfci wnun coiMnifviedl whtidn uridlunilr
in lliilKHrnitoiiy noil ooluiiDUDi anniiuDniiutodl by VOGn
luiKLuirnted! uplFlkiw of iinn nnqiuemiai nolintioiri agataiiiiiintii n
iriiUEiiiMir of tiuifiiit ounoipaiundii, After dasntaintioiii itind
<iw|iuiiiliibniitJkw, iimiKipUnii: tb« ailutnEiiri by iiigMittodb with diif •
femoit nilLtribuiten wouJd inrunoli! dnternEiiinuiilttai oil UlMiix
nlnitivn iKlfectn on VOC iiDinwiioraiiiinintn. Tbm inttritatnni

Ibir rvtiJunitioni wm>. miLiiciplxi! dliniUurlbmiMHH,, HJinipk
hiuiHJlnpiici! 'roliuugiM! luiid iinitDpity, niniidi nmpie

Cmll mini in AppMrmltmii.. Soiil for tliiii iKiEpnirixiiniiigit wmi
cdllectnd f roimi Uiii! uppiif Ml aia of in iirlndidFllaviuiill dnpoitiit
mtiur MyiiNRE, Nornrmy , llm f idd niKiniiil: noiiil wiuii nkwiid l[4-
mm iriKiiiiln) lurid Ann 11 <»onp«iiutn imiDiipk wiui diiiiiirncteriiNid
inn in lunnMJI (USDA tnnctorn) wiitJh 11% nilt plum dlny oaintnmt,
IILIII innniltMint wnteir conitnialt of 116% (dry wdiput; laxmiii), pH
of 5.21, «f mrik cndboni cnntaiit dp()L44% (dry wniiipbit binnin),
iniOHJI cntioia udfcuniifti! aipuidty of 4.0 mcquiv/100 1|[ i-f, $).

Endii of two ii;bnn eoluaiginm (OKI ci]Hi]il.rall lund ®iw tnni
ooJIijtncirili wmn pnckwd wiiiln 3.13 llui; dF iiuioiiitt iitoiil yknldiiiiif
iiiiMil. buiUki dinimity of IM U/CIIDI", itol.nl |»a«oniiily of 43.5 \ ,
numdl n winter IFiJUnd |K)rainiil:y of '32% df Itu^iiil poraiiity Ofliptni
1]L Enclii coiuniEuei wnun nciuEunndl with in OEHEiii||Miiter-innniBirtnd
X-inny tonioiipihplii (Sumiiiigtii Soamton !i!]l ito diirbiiraiinmi
npnltunl uiBiforaiiity inn igiMiiiiiiiiii»dl iliy rnllintii'vw iibiginiiity (Lnu,
dnniniiily nbthin to wintmr) l[J, IS'). Tbn famnoqErapilhy iniiuhlyn
i(viniLiinl iiuad quiunltiltjutiw) mwiuillod nxo wigmitiiiiill IbnnteropiiEHii-
iilJiuii tbunt wiwild conifowid tbn iivtmrpirntnttkwi d' Uun «••
p«ru[i]iiiNni<tinl rnnnuJItn.

Tbn tnirprt VOGn wmn nnitJtiykiM dilkiridn CMC), ll>
dik:bkHrontJyLMi;i[>CA]IJlJLv]l^
diilkmicHitf lylflEimn fTCE}, tobnmi f IX)U, nundi dikirdbiiHiitiiinigui
i(CB) (Tnibb III. Tii® VCC aMiiaimtntionin iim tbn cdkiniuii
Ilinndl nohuKLioini wnn nnlnctedl to nntemto tbn VOC irntamtei
aipndty of i.\w noil onkuninii nit 11 llilaiy dlmnmip mdtioni kwnl
i(in.||;., !l -1,0 iii(|;/i||]l wiitb n imgdMiblly iimnJtl vdluinnni dF fend
inmlwlwni («4\.., <!W L]|. Tbm mppraprinto V0€ (!(i«i-csi«:il;nir-
itibnni wninn wntnlblinillMHJI Iby IUDI ttnniintirvw iniinnlvn i« iigmiMnim
lOoiEinbclnratianii dF tbn IIKM! cdlwun dumdtiuriMb tad in nniikn
icilF Mttpiriail nilnitioninhipni far YOC dJinltiriiwuom binltwwiHti
lUtidi nai Eipuid, wnpair,, nund moid ptennn (.!>, !M)|. Eiinnd IHEI
itUn iitiiyiilb'iiiiii, itJtini VC€ leimionigilntkM duoniun fair tiiiin ted
inoMkiin wnn nil Mlo'iim: [MCI "' »> mi(|[/IU IlKA) "' IK
iimil/IU ITCAj •" !!!!• ni||:/ L, [TCE]! "' » mi(|[/L, ||TOL] " 'l'-!i
iiiif /1U nwll |CE] «> Ul lEHf/L Tbnnni oaiKniiiitrationiiii wmn
uiwiNrnmly proportioigLiii to Llw M«l wirpilJkMi panteigitunl nund
at. 11-2% of tbn VOC winter idluibiilitinn (Tnbhi 1[). Thn ted

KI-'O lEiiwIrori !tdl . Vol. , Ml) II, 11HIT



Tnliilni 1!. OiuiLrachirlMkai uf lillmi Target VOCir-

IEIMII pound

MW
KflOOific fravity. f/COl1

wsur Mlubility (10 "€), |/].,
solubility IS, (10 "€). mc.l/L
vol V, L/raol

vp (20 "O ,
,«:„,„, BL/i
.w:,, do «a
*,„„ unL/ii
X<h imL/|[
RF

'Data iiind «i»i|wkaiJ !niinlJU)««iJELi|pii Ifraini rub l!t-11ISi: K,,,,, CMrbiunot/nrntiir ipmiiitiitkmi eonffioitiilL, niiL/ir; ll'i,, Hiiary'ii ILnw croiiiiiiuuat, dimnn-
log K<m "' -[I.I113 ki|[ (S,,V) ••• 0.993; Klm. (iiipink mtMur [tnrlilMui iHMifflkaumil; xciil dimUributioa ie»niffici<UBil,, K',( <« ll.73;f<BK<m, with

hrnctionuiLl iiotl oirniiBk ciurlxu) oEHHUint, /,„ " 0.00423; iriiUiicliilLiiw I'ncrUM, RF «> I -I- KAUtJ9\ wrilJi diy bdlk cloBiuity, f\ «< I !i, wid
, i " o I;K>.

MC
M.O1:12
M.[><)
CI,>:)1
0.01)4

MSI
17. (1
0.0110
II.IH)
O.Mli
1.112

DCA
09.0

ll.ZEi
110.JU
0.107
O.CrVSl

mi
ilO.2OI.OM
4JK
<]|.KUi
Li:i!

TCA
133.4

US
1.40
O.OllOii
CI.OW

10(1
UEI

iCMIlliSi
n.i

CI.1I97
IjlUi

TCE
131.4

11.. 16
1.40
0.0 1H
O.IBC)

t(0
IM

o.:!3;:
27.<
0.1M
LM

TOL
DIM

0.87
I),M
OOOtil!
()][)!)•n«ao
Ol i»4:««
0.2HI)
:i.»

CB
11:1 :!:.(»

Mill
0.411
Q.QKX
0.1 01
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(!9'2
0.1KU

IS3.(!
0.463
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1. Quinictiiriiiticii ol thin nod column

nolution volunut ins^uintd to uCurnte the VOC rnteintJion
anipmdty WIILK, In liveiy ami!, iintkantnd to bn knn tbnn 3 poiru
volume (FV]l equiivnliiiritJL.

Tb«! iF««d nolutioiri wm pireipuiuriid by dihitjinn iitocllE imlui-
tkm ooiritiiiniini; the nix l.iurn;eit V'OC.ii ClOOOx, ethiinol nun-
tm:) in "nmcintitutnd iFrnnhwiitiif" <(]RFW) (JO). Tbn RFW,
prepnrecl by nddiuif iMiltn ito dilntiilindl wnter (96 m(|/L
IMinHCO;), 60 ixm;/L CiiiiiO^-lilHjiO, (EH) imi/L M^SO4, 4.0
icii(|;/L KC1), bud in pH of 7.0 iu>d npmilk coiKluclUiynoe (EC)
of 290 MS/cm.

IMl«rrii.»i[ltt Iliulilbiiltti'

Thmi tiuilt noi] ooianEuci wnn coniniectod to 1.1ms rmit of tins
nx|»niriiXMKnl.nl nippiurmtun in n lnk)irflitoiry nt 10 '"C (Fii([ii»
!!). Tbiun an. 2!) ml. of tint VOC ntock iioluitioin wu incld^d
to tJhiiEi RFW iia tJtut fluid reiuiirvoir iLiid the two u;iui- wmnbinj);

Aftiir mixing for ai. 1 h, 11 L of nolutioia f roiai
niMirvoiir wu uned to fill the two,, 0.5- L |[iitn

bottdien. Tiritjuited wnter (5 mL) wmn iniiiiit ndd«d
(,<)' the lined miervoii nun in byicliniulk trucnir (Ifned oomcen--
tnutiiiHi 1170 B.t)/icd.,). Foliowiiif 11 few ininuten of ouiiunjj;,
flow tbimif h tint! tent, colwan wiun iniiltiiilted. AJ'ter iinitinl
luitairntibiri, 15 PVii of Ifned wllutiom wu pkiuined tbimi)i;h <:be
<:oluixm nt in hydraulic piidienrt oif en. 11.5. T"h« ooliucim wu
tbnn icIeikiiUurinted undeir n Minsiion of lippitoxunjiitiily SO an
with th<i! |K)iriE! iriK|>Lnc«!iBi!iit ||;iui dnirived ifirom tlhn ||;u-
winnhkin; n>wt«m. A/teir drnkiwiEe cennecl (<1 h), thn aniar
wu Mded mild allowed to «quiiibir.nte nt 110 "C oviirniiKu..
(an. 1? h) pirioir to noi.l EIIBI piiiif . Tbi! control noil column
wiui treated iici « iiiiciiiliu liuihiion, mxonpt tbii tiur]|;«t VOCn
lud 1.ri tin ted winteir w«rn mot added to tlun RJE''W Ifonftd n-ti-
lutkiin and l±in control column ran occuned ihd dny pro-
o»dijri||: tJhn tent column mn.

Siuioi][>kt Col lee I i »in numcl AiEiii!lyiM»i. Duniif aimtiimi-
iruiUioia oif tha Unit column, iuuaipla oif the fluid mod outflow
noliLitiairui wnsri! colliectod period icnlly. Folkiwijtif coiatJiLixt-
iiiiiuon, diHiuntunitioiii, mod lEKquiUhnitioii, thin tanl: column
wiui puunuiiUy nmibeddiiMi (150% aif leiri||;lii) in en. 110 kg; of 10
"C iwil to pnnridii nupport mod mnimtnini llhn noil temper-
mUm durijrin; niuinipliJQf . The a>luixuri wu tbnn iciiovnd {from
thin bborntoiry ml. 10 "C to orait ml: 20 "C to iiimulmtn field
ooiaditioiu wlwre cool noil iun »ixiov«d inito n wmnxier am-
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<il llui

Ural: iiair taiiniM'raUuri!! einvjuraranenit 'Hie colniiiin
imgiiMwed iund nepllnciMJI with « unapiinn; teicnplute to nimiiri
tain the oi>n(ii!r]:>(jirn t olf endh muEiiplurin; locmtmi lit the murim
viiMllran uridlciin ihe oolutmn. Dupliiail4! noil iMum p>l<!ii were
itJBien contacted nt diaiBielricaUy o|]>|xuiiil.i> |Kiiiiil.ionii within
Utii!' cobiaiiJii iicmirdiiif to tine ininethiKb deiicribed in Tiibln!
Ill Alii of the iitiiitnileani nteel iMii:iipiiiri|; lubmtn were iitinerbed
iiiinutdtenniKnciiilly with 'Ihi topii cnwamd with inhum inuim foil.
Tlnent tine niignnipfai wm oollected iimKiwrntklly in it ckdrwiw

A. mmigiiiliiirigiKl mijgnpto in nimii batttloi with hJ«|[h bmiidinp«c» (A, A']
Lll on iuL, 10 on fon« corn (en. 17 Mil.., » |[) witrutilitd (limctly iintu n Ttflon-M«J«d ilium IxrtlLl* (128 imL) with [Huidipocw volume of

111. iiBridfaiitarlgikl iiii»n|)l!«i in «!!iim bottk> with law iMiimclnpigcn 111, 131
51.0 OBI Lid., 10 on kwie cort (on. 75 mil.., 12S «) MUrwclod irate n TiiMorHHMiJki.cl |;liiiiii IgiEiUk (1211 mL) with b<midnp«i®i vollunM al

cii. 'IJ[I% of ciguiiniMtr "(xlluiiDH!
C. agBKlintiigrbiiidl imiggiplffli iiniiKinnmd in ng»nt>miK»l in |;lmiu iMtkn (C, €')

iJO on Lit.. 10 en l«:«f>(| cort (ai. 7ft iioiL, IB |[) ntiriktod into n TiiifkirMHmJiKl itimin bottlt (BO mL nominal, 300 mL inrlunl) with
100 ml of inmfflml: nirndln iiEnrU»UP>(>l ixUiwI imidl lBMind>MpiiK;n volum* erf at 40% of icigwMLnijgMir volume

D. dEiiilniriENKl iiunigto In ||liun b«HUtl«n wMhi km hm,iMl»|giiM>ii ITI, D']
$.0 oil U.. 10 cm knig corn (at. 7ft mil.., IBi ||) iiign|]»lMI in 7-110 nliqiiaiitn with n iitiiiicihimi iitmtl npoon (uoil (htponiiKl into tl

TnBoiMiiiiiM i;ln»n bottle (1'EI) inLI with IxiiDcliipiiioii vqtaBW atl OL 40% of i:ixEiljiiiii<i r iwluin«
ISl. dgintngrWI imnBiptai in nngipty [djiditic Ibop willi bw Hitndiî iiicii (Hi, E")

ttmtt muiiipiW (en. 40 inlL 70 ,|;) iiininawniEl icliirndly liponii th« oolumiBi bi 7-10 iiLliî Lioci with n iitniJEiliinii nbinJ npEton IIIHE! idoiiiEiinibmcl into <i
lnternlairy-|[iiiKl« pLnirtLic 11114; (I!! x lit) on, (1.8 L IKIIIIJIIIIJI n-il.fi ;ii|i dbimtrn lunml liiiii<:ii([)iii:<i voluinm of en. *0'!l> of coigibiyimir rolutnuE

waiter. T]EHI p«!iiitnj[i«! extrncl: wmn wiinM with 2 mL of
winter mndi dried witjh inodium nulfmte pirioir to |;mn chiro-
iuitopinphk mnuilyiMin mi dnecribeNd IIIJMIW. The: winter
awiteiiit oil' emch iimniipk wmn dieteraiined on in Mpiirate ill-
iquot rf Miil nynd VOC ooniiceiritiriiiUoM were lexpnenned an
11 dry noi l»inniin. The nuiuiiytiai] dliebectbn liixiitn 'U|[/l!) w«r"
iinMbuin: [MC] • 0.4. [DCA] »' 0.1, i[TCA]| • 0.01, [TO
•« 0.004. PPOLI • 0.06, and |CB]| «• 0.01.

VOC mniiilywn of umpllet C mind C' (both in[iiri»r»e!d iim
methmnoil) weiriii innnde differaiitly. The
uraple wiui niechiin icnlly iitunlusiri foir W mini mind
for ISO ixtiiii, lifter which nun ii.liic|iiot oi the niKiithiunol wiui
raixxwed nnd cwntnfiip'd nt 3000 rpnri ifbr !i ixiiun, A -LO-imlL
iniUEiiplm of the iniethiyiol pKniKe winn thiEin npiked wiil.li 40 M||
olf tJhin initeinnml ntiiiindnurd, 2.0 ml, olf winter uid 2.0 mL of

i were lidded, mnd! tli« raixtuire winn iihuJusiii. The
phiuiffi wiui removed mind the «xlxni:tio>i[i repemted.

The two |»enUurte liiitnctn w<i>re ooicnbuMKJ! norid winilMEHcl wiUi
!! mL olf deiomiwd wnter innd them dried with nodiunn
iiiullfnt4e pirioir to GC luiidlywn mn iibovit!. Tlw VOC raiiultn
were ciHiwrted to n dxy noil iMitnin. 'Hue luruiulyitiail detedtiHon
lijcnilj Hj^/mL) were mn Miown: |MC] «« 0.1, [DCA] •« 0.06,
[TCA] - 0.006, [TCEI - 0.002, [TOIL] ••• 0.04, iui:l |[CBJ
•» 0.03.

Foir quiiLlity coiiitroll par|>oe«n, mil reef ents weine n;Lmr
dintilled or GrC p'nde iiiind thn Kidiuixi inulifntai wiui huninU
ml: &!>0 "C aviEiniiiilit All raif eiriltn wen ntoml nt 4 "C. All
li;lmnnwinre wmn pireckiiaed by wmikhikin;, nnnnin||! with down-
itiEiid wnter, mnd dliiyvrin; overnifhi: ml IS50 "C. VOC niouilyiMw
olf the 21-piropiuriol uid [WdiiLiuriit irevenled tnu:«! cioocwiitn-
tJkwui of TCA, T€E, mnd TOIL, but iw MC, DCA, m Cl:l.
Thenmi tmcw aHiatntrntiioiidn were imeni the mnyiilyticnl d u-
toction lliiEinitii uid wmra mbtiiiiclte«(l (nun mil uintiplo innnil-
yneiiL Soil umplon oolbcrted firona UMI control moil i
by iiniethcidin A, B, uid C revemled irio dietecUbk <
tntioon of tlimi itiiLii|;i!t VOCe. Ajiyiilynee olf cinnoti noil mnd tlue
lEiMithiunol oned Ifaxr iunifleld preneirviitJoin niiniliiLi'ly yielded
mo dnltewtehle |jiurn;iel: VOCn. A iniucnpfe of thn domni mml wmn
npikind with UHK Urf nt VOCn tutid mniiilywuin re^emlitdl tte
|[dlbwiini{|[ mxwerien: [MC] »' 77%, (DCA] «> n%, |[TCA]
«« lli[)0%, [TCEI <« 1112%, (TOIL] «• l.]HEi%, uid [CD] «>
9(i%. Ropliciite lutimlynen were ncuidie ca at W% of thun noil
uixiplien, iiiir«mnlijti||[ n is(| li||[ibio diilTinrnxionn iiri thn ooiEicien-
UnitbiiMi niemnuired foir emcti renipedtiw iimixiplin.

Dwiiiif praiimyiilyitiail iMildimn:, nil niymplagn wim intend
ml: 2-4"C. Dwiiiif mlJI mniilyinmn, the iniixnpleii uid inrlxncto
wnre kiipl in ibi liinlJhn. All niiiiEinplen far VOC fluiLlynen were
CKtrnctid wltUn 114 dnyii iMl'iiyiuviplin coltbclsbni, GC iiBiilynmn
wen oonplittod witJaini 41) In of the extiriictbiein.

lUhiiom (A to iK A' to El, with ouch niunpta
iimid relSiiiipenited pirior to ct>lli!C'tiii|[ thte nn!:i;l niimple, Ench
iiiinigtpm! wen oaUhected with nepainbe, pncleflLrmed uberuuk lurid
boMttJieii (diO nt !!0 "O/ "Hue Omit umpk fraitni the tent
cmkioiiuni (All winn collected 6.2 mini niter removiiJ of tine
ciaknm i»||:i pliite, wdhilie the hunt munpta (E'l wmn ooieicted
1(13 iniyhoi kter. Siiraplen for noil wnnter ooiitfceint iiuwl a«f luriiic
ciiurltmni ixniitenit wieire them collected from nuich ooluinin ml:
0-5 uid 5-110 cm depth iiicreraiMritn lit two (toil, ooluranjl
cir ILlDireii! (anntrol cdlamn) liorooiritnlly imeiminte bciiitioiiu.

Scihnltkim niuinipleai we. IK imnlywd lor pH,, ii.;|j«i(i:iil'ic con-
dijiciuiuihoe, tiiitiuxn, nrad the mix tai'|[«l V'C)€n. AnniyMn for
jpilHI miml npediFiic cond .ucUnce wiere mnde onniti! elecitJio-

ir. Tri'tiuEin wiui (lieteraimd by lk|iLikl! ncintlllntioni
: <]>!' n 1-iDtiL niibiiunple. ABinlyneii fair emch of tlxe

VOQi wmre iru ucl*!: by eiLtirmctioiDi lurid H;IIII c hjrt»i:iuii-
tcqtirmpihiy <[€>€)}. A imbiuiLixipIki (4.0 naL) of much iwlluilJoni
iiiiLiiEipl'ii wiui inpihid wilhi 40 IMI; of biroiBobricliioiiomiethiume
lien no ibtaraitl ntiuridnird innd thani oittructnd witlii 4 ml. of
peintwe. Tllwi! p«i]il.iurui «!» Inict wnui reeavored lurid dried
with iiodnra nilfiiiti! prioir to G€ iimuiljniitn. Ajiunlynegi of IJt»K
Ibiur biibciiuribonii were ixuhde \mn\\ ji G€ nippnnCuiii (Hew-
kU-Fidbnl Moifol !>7:)0) e«|dppncl unil.li n if!0 ni bnq;. 0.2!S
lenoEni Li J<!ltW IFuinnd-fllliai aipllkry cdbnoini nynd on iglecihroni
ciiiptare dwtectOT f "Ni). Ajruilywnii all thi! two inraiEnimltia wen
rande MI it GC fliip îirntui (HewktC-FiidLiurd Modal 5I3E90}

wiilJIi n 2)0 m Ibn̂ , ().;'!!!: nnitii Ld. llliW fuiiMHikiiliian
i:i>lt.i»iij[i nunid iiiiitnirfincod with n ixuitnn inebdtivw

detncatnir |.!i!!?0 iiutriiiiiil i:i|>i!rnt«d in thn iiil:n||[liih-kH!i)-][iM)icutonini||
niiode. For ni GC ran, the iumjectioni iroliLixnui! wniui !! ^L,

Sail iiiiJiiipJIiiii wegtin fliniiiyud for noiili wwtnir amnUnl., itol.nl
i»if.imk aurlbca,, iMid (Jinn iiurprt VOCk SoO wiitnr comteit
iinitn dwbnnnJbnd pnvunietriciiLlly lurid totnJI orpixik: caiurboii!
conitmiHt wim d« tennubed by dry oaiailbyHtbiiL VC€ inmnlYnnii
ml moi nxnpte A, A', B, B', ID, D', E nnd E' mm\ mnde tun
Mbwn. Thin ir«!l']r%«nted noil nynnapllii! wnn iMHiKiipeebnd iini
the niiLixiipik ([MMEitdLUEHtr t\md ji wnif hed IILIIBMWUI, i(!0 |[) wiun
tnniumleiTed to in tart, tube.. After nddiiibni of ill1 «f of <th«
iiinteronl iitiuiMliurd, the noil wiui detected with 11 multure
oil 110 »iiL air 2-piropmnd! niiiid 4 ml. of pexitauiL "Hun naJlvwl
lOEibitiunre wmn triurinfeirirnd to 11 HEiill wpnratony taunel, iiiiinl
the liiclnction wiui repeintnd witJh !i nciL o< !!!• propni>ol IILIM!
4 miL olf fwn tjiinis. Tlhie mi l.i iicU wnre comb iniKl, «Li>tl thie

pluiM w»yn iuwlnted by «tniirtkm wtl.li

and Din-uuainn
Cnluiiiiiii Dyximxiiikii. Tlfiin tent cdlumiri wmn iinitimlly

)' upwuurd flow. Then luntuirnted upiflow oc-

T,,...»,,....I •I'lM



KIEL VOC CiHusini 11 in I<GIIII AJI IMlmumriMl li-| Differ**! (Jiumn limn; Wh-l li<wlu"

riliiitnrbnniai

IICMltllilXf
iiiiiitliiioiitil

nor: na/ir
DCA. ,,m:
TCA. mi /i;
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TCUU mi/it
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"Tlmi <nith»i» ilhicpnrn ILM
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0.07!!:
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ir

nuxlftl
iiiiUinntn i(J)

;>4.iSi
ItlMJi
(Mi
4.7
1.7
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of imdh iwnpltt iiintl>c«cl.
•LSD i(!ll!i%), Iniiiil iii|rriijriciiirt clifl'«ir«MMi nt llft'li ci]<rii»clint>c;i! U-cel.

Safll VOC, ILXJ/B (ppm) VOC MlilrtHwMam, % ToliiJ VOC ii. u-;i/ [|

«a« VOCii nil n lurcttom c»l
ipllirid mnihaiJ Onoatmkann inrul

in 15-ici peiribd ml. n Ilia or (970 aia/dny, >ieldinf;
hiydmilic retentioin time in itJtiie column of at.

UI.4 imiiii. Illie renuto irf th« fcritiurn Inceir irlwly bdicntocl
ILbnlt ilihiE! ISiMJisI Jidiatwn bol-h bypitnned lurid mixed with tine
mail! |pmnu> wnter icir l.lni! initidly u>m>.iiltuirnited column. For
Itliii- taut icolknmiuii, lv;r 1.1 PVn oi' (Witflonir (1.8 P Vn ol- columin

l lEJkie oioilftiwr to inflow iriitb (C(>/C|) nppranched unity
The fenll conceiirlntioiimi on! Uh« tiurf et VOCii in the

faml iinfatucini (iinn/L) wn« inn foliown: |MC| «> I57.!i,
IDCA] «« 31», |[TCA]| »• 16, ITCEI ••' 124 if OLf • 4.5, and
ICB'I •»' :i!.B!)>. An pnidictiiid, tlxmi wiui little relUinintkm of
itj[ie iniiiiiiit . VO& vMam the nuurujly iKiQ uiKkr the condition
<oir :IJIuin arpenjiiuenit. By tJhree P Vn olr outflow, the VOC

i im IJtii! iKiitAow nolutioiei wen iiubntiijnitiiiJLly
to lihone hn UMI fond idlutioo di.m., 84- 101}% ) .

lEioill wmter aiiEifaeniit iuiiinh)rneii bdkiital iii-i iun€ii!MiiiiJti(i; winter
mitarct wijtlci ikpthi ini (.hn tent ndl coluxiu, iMil iiuiiibr

hairiaonitjiillly nepnnte npiUtiynl kaitionik I'line winUnr
t!ii.iEi% int INS OKI to> 12J '%

anil Jin pirntbnhiily dine to ixioiiitoLin drninn^e nnd
tioni Unimnii; the lEiooUuEaiiiiiitioni phiune. The totnJ orpnk
ciiurhiain oomtailL iirnin aiuuihent re||mrdl«mn ol icbpthi or !<>•
ciirtjiiiin l[fliwi!ini|re <1L42!)% (dry wei||blt bnnui); !:iD •« 0.015%;
n •» 4].

Sail Sfliniiiiiiiinii! MetM ElTiK:««. The moitl nuiuEiipleii
cdJkeicihnd by Line diilTiereint uiiripliirin: mintliodii yiielded
niiiLrl»ni% dMfanait n-oil VOC ca>!iKMimtratioiw (Fifim '!
Tnbhe 1EIJ. AJII innmlyiiiii of wmnos reveiuled iJlunl. niurnipinrin;
lEiMrtlnod luid n nif iiiifianiiil. isfTact oin the deteniiiiiruitioiitii of
otli itiii VOGii Tine inffectn wi>re lhi|[Uy iiipitficnmt (p >

DCA TCA TCIE TOt cm

lll.rlx>|l « Illlll UwiKM 'I. IIIE1I

iMomni vocii. wn "' UI»UMIW« vocii. »ii.'ii

(l.« , 1

" MmiElnNRirllrniitml VOC a»K»m«iiltori VIE! î mmi
hn limn ciEtliLiriiiri iincl «->ii lî rMinl VOC OEinonrilnillaini

ITMHI-ICK! C w« inrintMiiKUl Innirniinilon).

99.5%) for id! VOCii but MC (p • 75%). The Luck of n
hif Wy nipufiaimt elfl'edt for MC tuny luive been due in pn.r"t
to iiittimple npliante Yimiibility lui well u the inninlhiitiail
difliiculiieii ol'teiri luwociinted with quinrititntioiEi of tbiin
com pound.

The wridiEiiUirbNed noil unciplieit oolilecLed with infiiiki iun-
icniiiriiion in onethiuriol (metJriocil C) coiuiiitently yiieltied the
hi:|[hwl. VOC ooirioentnttioiu. Howevei , lewen tlwne con-
oeritrittioiu wm only 2EHi3% olf this ixiodei-Mtimnted.
iKiil-iuuiNociiited ooiricentinitioiu nit th« time olf iiunniplixiii!
(Fiptn 'l»i. Thill dinu:r<! [Mincy inny be dwn to nona« utiKll®-
:fi::iM>(il naf ulive biiui du« to voiliitJiliution loiinai during; noil
cdluiixun iRi[[H»iiuri! nnd Mimpla collection. Error duxn to
iMurnple ntora|[«! imd Lnborntory iiuibiuuiniplintn wmiid pn>-
iiunDiiibly be liixiiited due to Une ixKiithiuriol incuEiinerniom, IIEII
would ixieiuiiureixient terroir fliiiniwKriinted with inreminibb
iKMrp'tion. AJteraiitrraly, Ll« aitiiraiiten olF VOC rainiDitioiEi
11:111 y hiivie beeiri too hii.|[h due to inmmuniidiisii in tJtMii ninn-
piirknJI VOC diiitribuitioni reiiiitioimiliipii uiuixil CMC due to Ube
nbn«!iM:e of «>qu il ibrium ooiEidiitioimi dun to 'IJh« hif h Ifllun olr
ecru |jiki-riii%iurilt inol'iitJion. The nbovie dik:repud«Bii iilluirtnte
tbe diJEIIkiLiMJMin in iKErmtely piredktimn iidikiinnodnlEed VOC
coiiiaeiiitnntioirui, n^exi in n inebtivdy iiimpk Kill irs'iiti! n:i.

Given tJtunt tJlMi hi||:liinnt (:oiK«ii)t.intio« iEii«iuiPund nouiy
him durviinted Iran UMI "trine" wiiluo by mini in|!«|Jiri!icijiil:Ji! but
uolciMiwni irie^ntJw biuiui, it wiun iitjill pcnnJbki to mnkn anni
parinoiu of the reintivc! neptivni biiiui lunnodiitodl witLh dil
ferarit iWLii:ipli.ri(i; metJkK) nttributnn. "Hiiii wiun dkiicui b^ uiirinn
thii ht||l)«t niemnuired coirioiMritnitioni iui n intfitni ncii (Lm.,
method C) iiLind t:ompiiiiiri||; umplintn mitthiKb wiithi dlilf-
fierent iittribute» (mi'thnnot <equnJLn niKiitlvod 1 vn C; noil
(linturbfl.:nce vquinln ni«th(»d D vn B; hudnpiio!
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ill IWnilNi miqiiillvo Mm u 11 function of VOC
Mniniry »Iliw oonnlmffl (KJ niniEl otilnnol/wnlnir pinrllllon laoodlbnirit (K.J.

<eqanb iDiiethiod A vs B; container intef rity «<|iiunlfl method
E vn D), By thin iiruillyiiia,, four noil nanniplen containerized
in Teflon-waled |[l.iiim .inn, the relntive binai conLribuitionn
were U b̂enl: foir Inch of inliiield limxiMrnniQiin in methyimdl (up
to 81%), followed! by a>it»iiderably kiwer coiitributioiiui by
liii!iiclji.[>iici!! ¥oluLixie: (up to 1.7%) iiLincl no:il duitniirbiLnce (up
to l!i%) (Fipm !i]l. For lunil umplen conitnineirixed in
plnntk blip \.\vm wim nubirljnnlini rnktiw mpitm bimn (up
to I W'%). Im n;oirienl, naixiplinn;: binai dMlimed wiih in-
o-ea»oi|[ Kiii ncnptioin iiifllnilry of (this teif irt VOC (Le., lower
Heiriiry'n coirintamt, jl('b, iirid bifhmr dintirikitkiifii ooiinideinit,
I'l'n) (Fiitww 6). FIH eiuiLiicipllie, tbe niktive bimn for T€A
wan conruiidenibly !bin>nr tJlumni tJhyiilt for CB.

Hut prixidpnl ion«d3tiuriiinixi iLurideirl;yini||[ the muriiplmf icnie-
tiiod dlFecU otxiiervwid! in belliie^ed to b« wciljiitiliution. For
iill unripk collectkw nnelJlKidn, Itee wnin iJili lily imoione i

binn iiuunociatud willlii coluixim nitpoiiwie iiieid :
AddiitjKHunl biiiun duriirin; ntoirmp uid lalboriitory

rabnancipliniii wiwild! bit irninhniiud ixi liynnnpkn InoLixiedintely
im:mii!ir»il in utKtl-luiiiriol (id., nointhod C), Addiitjionyiil n«n;-
ntivw biiui in uicidiaiitwIlMhdl iiyiinoplnn contniiMMrund ixi 1'iif-
lon-iiyenled n;liicitii jairn mitlKHit metbiixiol (ixietlHid B)
likely dun to in ocMEnltifnyiiltkini of vinkUliution kinnen i
irtonif e and iDLiltiiiiurnplini; in tbe kboratary. Addittionnl binn
wan cnuned by linnrnnwii rif noil iclwtuiiribmno! iund heiidiixMnce
volume (nuetbodn D iiml A), iittribuitnii thnl wroukl nnbiuncin
voliitiliution llonnMin. The nubntniritkl mt(ptive bkn iinno-
ciiited with collection of n dintuirbed! mimple im the pkiritk:
bii||; (E) win protxiibly eiunceibntnd by norption and vinpoir

thiwifh the |

risiiiMiLiicb reiiuilILn oidkntJEng; IMC ibiuriciird VOC rncovnien
nnil.li lEMtlwiol pri!ii«rvinlijiE)n lire connuitenit wiitJfi thoa« re-
piciirtiidly irecenlLly by Urbiuri el. nl. baimi on field! experienci!
witjh T€E lurid ],,l-dii(:hloroiethiei» (2) Tbeme inive9int%intor»
iwmd itluiil. VOC coniaiiritjriiUoiu im iiNCiiil muanplen oolkcbed
Iran 11 iitandiutd upli I -iipooin ujcnpllef lurid oovitiLiiaeraed in
40-niL VOC vu\.h with TeiOoin-llined cnpii typiailly witre
only M)% or l«e» of t:hoiM> ixieiiauired in tipliit miiinpiai irn-
noiediint«ly iuturniiniiwl in HDietluiBoil iio nJjuiiii IbofcUai with
T«illbii>-liiti«»d aipn. Tbe r«n»itiu c:h renultJi iMJip[eail.inn; VOC
kmneii from luiuoiipleti ntored in plutic biif n im nuipported
by diktji nil' Sinter et nl., wrlhkh imdJbiitad luliiitiLintiiil kinkiif e
ol TCE Itbimî h ixidtipie polyedaiyileirie bnp uimid to oirioitiw
moil niid[nip4iin oinriliiiitixiKi iici TetfkniMieiiiMl ||Jliiiiii vuiiln (lJr). Foir
nil] ninetbodiii,, bnuruiJFbrixuiitioini loimew durum; pinwuuilytJiai.!
ihddiuim; were ipnibnbly km, binned on raciKitt raneinrch where
p»od iiUbiliity iinnn oliiMernied foir YOGi in wintnir
d'uiriirtn; boldliif nt 4 '"C for up to 21} djiiyn l\Sl

Piniidtjical ][iii]i];>lllaiiltJli)>i]iii.. It in cknur
pniceduLMiii lunc lEHMKJIed thyiit mrocwnt for tfiw npedal prop-
leitien lucid bebnvwnr of VOCn in noiiiln. Ihlicmnirvej', proondumn
tniunt iiJnci na:ouLiiit foir the difficult tilUuitionii im which
iiiiurii |]ili!!» tire olfteiri ca>lliiected (e.||[., wet/rold wmutlier,
dirfcy/duitty (inviron ineinitii, hi||;h hnxinrd loonlLionn) IILIM! tbe
canto uaodinted wiil.1) nyiucnpie oolleErtioini. Idcjiilly, nUund-
iiirdiixed procedura iiliodd piroviide for tun iicctKpljnblie me-
curiicy lurid preciniioiri by n luumple ooUiKrl.iom praoiuui l.luit
in inn wwluiibli!! IILIH! isffic iisn t mi poiuiibh!.. Tliere inn n wid<e
vnnety of numphe cdlleclioiri procedure)) cuurrantly ie routim
mat, otbeni beiiit|| promoted, urad nltill olbeirn uiiKkir devel-
opment. Tlwne iincludi! prooeduren eiEnployinn biuiic moil-
umplinf coirioeptn mn well! im ihmn biui«ed on ixiore no-
phinticnlUid ixiniteriiili ncnd ixHeUwdn («i.|| ., itpnedidbed min-
icore extrncton, infield oonltdJirKerix«1:ioini in npeiinl purge
imd Itnp wenneln, oir infield iiolveirilt imiaiiieirniioirill. Adkiption
olf iitiundmrdixed procedural, piyticmlnily \( thioy involve
co'irnpliiaiied iund oanttly npixiratiu lurid oiethiKb, nibo>iiild
idisiiilly be biuied om id<! n t-il'ic imdenot! jitttJifyinf tb« imeed.
Tbe reneflircli dencriibed oENitduicbed herein lunn ptnnided tJhw
folllowiiiiji; priKcticnl iiilbirniiiiltioiri toward thin |[onl

Cdlleclwiri of nil wiBplan wiljh oo<rilLnJii>eranl:ioNii iiri plinnlk
tunp in uiryiocrcpltflible where uniiLlynen foir VOGn are in-
tend«d. Coniuiinerixjition in n Teirioiri-neiiikd i;kmi j«nr in
woilunbile uid nippropriate, tmlt decinkiirin iiepirdtiiein iMnniipie
diinlLurbiiinee, bendnpaa! volume, uid iiriJwld iDnetliuiJEiol
pntneirTiitiiain iippeni nuibject to oonniidoiriiCioinin iinnociyiitted
with taif et VOC propertiien iund a»teiBiiiiuiit:i«i]> larvnin. Foir
niiiuijfywn of VOOi witlii rektivelly hi||;b noil iiorptiom iiifflin-
litiinn i(<i.||.., CB), collectioiri of n dinltuirbeNEil iMimpk witJh
ooinltnLinoraiidon in n Tei'bnHMUiJod nfknn jinr ainli rnlhrif eir-
iitioo nit 4 "C woald uuiiunlly piwidm mo nixuLriMry nijimUiur
to that ol' union cwipllex raiethodit, Foe tiM:h lunixipllien,
eqiunlllly accurate raiiuitn lira prodtiond by oc)ll<i»!:l:ijrif a Am-
ttiiurbed nnumple IILIM) conripletely Ifillinf n niiiiiiiiple ocMniltauiair
inn by o»Uecl.inn; inn iiindiinUJirbnd nyiuxipln \.\w\i ykldn n hi||li
iiendnpnoi! ̂ oluiinu in ttbn comtaibnir. For iniiynlbnMiiii of VOCn
with relatively ibw noil norplwn nJFIfiiciiibinn uid iinirlJctiJLiurly
when concMiitJintiiainin arn iiLntidpated i.n Ubn rnuiif n of n
daiiiciup mclJiHi llwel l[o.,||,, T€A at ai. 1 nqi;/i|[), nmbaiMied
inixwiicy icimy i'«i:|ui.i « itJtus coilkclioxn of am uiMiinltiyurbed
urn plli! wiltlhi iinifimld iirmiBenion in mnltha-ndl ib 11

flami jar iund irefrif nraUoini lit 4 "C.

Tbe neiinthoiddiiaiiy developed im thin exporiiMxit mppmiurn
wiwkinble iiiind nppra>ipnnlUi (dl.lj>(!«ii(|:l) notncie rnfijEKraMimtn mrn
uridiin coniinidenition. tin nun iirii iiiil enpwrixiiMit, thin nffnctn
on hoil VOC neiuiwrenrueivlJii of wwiral naiiDiplinn inwtbod
nttriibuten fi.i>., noil diiiUiirtMinon, cootnineir



volunw, <:on IjiiiniiT integrity, lurid luitmpk pntervttion) w««
oliiMTvi'ijI ito bi> iiipiilficiurit lurid to rttult ijri potentially lie
irJNOutii systematic «inror or bunii (up to 100%). Time ipotenrtiiiiJ
four n«ii;ii'tJivi!: biiui nppenred to be correlated with the noil
sorption nlfi:ri8l.y of the target VOC (i.e., low K',, and: nig h
jK',,,,). Clearly, great am must be nnanaad when munpili rif
iioiLi for VOC measurement nnd more iKiphicntiaiiU'd lunnri-
piling procedures may be rwciuired to control sampling
imrrorn, particularly with the more volatile VOOn l:'url.lw
nsain'ii ric:l'i in neronury to nitucly other oirfim ic connpou rrdii.
noil coiciditjiom,. iiLind iwinripliirig tiiiiviroinmi'iritn. Tlfiiii iinfoir-
icruiition in niwditd Lo fiidlitjiiU' the devftlopmiiivt innid inn-
pliennientjiltion of iitimdnrdmKl Hium |>li n |; proat»Jluin!« for
VOC uriciiiiuns in(>:r»'t« in iioiln.

EnntotiiT Nn. MIC, T!H[li)-2; DCA,
TO-Ol-fi; TOL, 10S-8S-3; CB. 1W-90-7
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MEASUREMENT ERROR POTENTIAL AND CONTROL WHEN
QUANTIFYING VOLATILE HYDROCARBON CONCENTRATIONS IN
SOULS '

Robert L Siegrist

Environmental Sciences Division, Oak Ridge National L:ibor:iil»ry:!, P.O. Box 2008,, Oak
Ridge, Tennessee 37831-6038, USA

INTRODUCTION

Due to tlneir widespread use ljh.roughoi.iit commerce and industry, volatile hydrocarbons
such us toluene, trichloroethene and 1 ,1, 1 .-trichloroethane routinely appear as principal
pollutants in contaminated sites throughout One U.S. ami abroad. As, a result, quantitative
determination of soil system hydrocarbons is necessary to confirm the presence of
contamination ii.ru d its nature and extent; to assess site risks und the meed for cleainup; to
evaluate remedi al itechinolo^iai: and lo verify line ptrfonnajiKie of in iieieded JiJtonnat ive,
Dedsioni!! rc^ardiniji; UneK iissutes liii.v r fiiur-renciiiirijg innpactii vid iidaiLLly iboiild be biiised on
accurate measurements of soil hiydraciurteiiioc>rK:miintkNris. UirifoitiJurialtely.quajritilficaLtioiii
of voliititite hydirocaLrboni!! in soils h exlTeniiely clifficull and theriE! is' nonniaJly liiltltle
'uiiiidersltaLiiiding of IJnc: aiocuiriKy and preciskm of IthfMi irnieaiisuireinrieinits,. Raitlner, the
iasiiiLimpltioni is oflm irniplidljy irnaide Iliait line hydbrocart>on daLtai ;m suifTidenilJy accurate for
tlie iirutended fwrpose. ill is paper present; a discussiioiri of irneiiisureoiienit erranr potential]
wlneitii qiLianlifyiing volaitilie hydrocarboins in Kills aind oijiUines soirne methods foir

and niiana^ing these

ENVIRONMENTAL MEASUREMENTS IN SOILS

Enviroiiinneiital niieasuireiiricnls in soils ironist account fbir the extreme variability which
dhuicradedxes a natural iioil itysUiirn 11 -4||. Vaiiaition:!i in nMural mil piropeities. which ajf'fecit
wiaier movement and coniUjiifiiirianit ixainsporl: and fate can be substantial, Spatial varialionai
predominate and include !ili0it-ran|g;e (e.g.. < Ion) and long-range efl'edts. It h common for
coefficiienits of vajriaiion for aoil pirioKpeTiiesi to viairy lirorni :i few piKroeiiit to serveraJ hiiumdred
percent, iilthoygin 110 to 1100 pearoent nuy pracibininale for many 'situations (2,3 ]|. Ternpoiral
vainialLJons can also occur altkKLigh itlxese are less well clhiaunicberaacl lit has long been
recognized tliai these naltunJ wiationi!! can lead to sanripliiinij; errors which can be
aiutetantiially gresaJter lluuri annuaulyitJicai mm. As early as; 1944, ill wms'aic:lk»owledj[Eed IliuaJt "Ithe
Ii unit of accuracy was deitermined by the saurnpie, KM by tJhe analysis" ;and tfilii. ireirnaLiiis true
even (today 11J.

Whr:n irrialdiii|i; imeuuremeirits in a contamiiriated soil, tJhe process is even more complicajted.
ContaiiriinalKiwi inddexi is wilth unknown dnairactarislics und transport and fiibe processes

'Paper presented ;a.t tlie Fiilfiih Annnuil Conference on Hydirecarboiri Conitajrninated Soils,
University of Masuclnusetts, Aiirilhiersit,, MA, September 24-27, 19911 Enviraniimienltal
Sciences Division Publication No.___. 2 Oak Ridge National Laboratory is managed
for the U.S. Depiiuntirnent of Eneray by Martiin Mariettai Energy Systems, line, under contract
DE-ACQ3-840R21400. " '



wtidbi are highly nonlinear and poorly understood, create problems artd alien leads; to data
ddEiidiend.es for normal measurement programs, hi fact, it raighi: be argued that a
o»tamLaated soil system may be so "chaotic" thai accwaite and precise characterization over
npaoe and lime may be impossible.

lit its iainpointant to explicitly define the objectives and scope of a envLronmentiil measurement
program and specify ithe requisite type, quantity and quality of the data to be generated.
Accoirding to the ILS. EPA, data quality 'objectives (DQOs) should be explicitly staled a
IfiiEiiod and Include the desired data accuracy,, precision,, representativeness, completeness
amid comparability [4], Accuracy defines the bias in a measuremeni: system while precision
defines ithe reproducibility of iBeasurements under set conditions. Representativeness
expresses line degree to which sample data accurately and precisely define the crue
dbuaracmistic in question, Completeness is defined as the percentage of measuremenits
mcuade which are judged to be valid. ChinparaUlity is a quaJlitative pararneier expressing me
coicif idence with which one data set can be compared with anoither. Coumjmoini to> all of the

understandinj;; of the nature and iBiipjhide of any iBeasurement errors;. It is
to data analysis and hypothesis test! ng that the measuremeni: errors an the avenge

Itic niffideiiiitly small itliat iiey may be ignored when airialyuiiijg anid
data (e.g. measiiRinent erroir vuianoe ••••• <!(>% of total vaiiance between

Hicicasicirement!;) [4]|. IMIoireoviex, since rnosurement eirrair as bias is elusive if not impossible
no dbtermine,, it is often necessary ito presume than ii: is absent.

When MLinplinig containinated sites, soil sanriples are collected according to various
ttiutiisaiiical designis (e.g. random, sySiteirnadc, judgemental) under a wide variety of soil
comdEiitiuMS (e.g. soil texture, depth,, waiter content,, beinperarutre). The collection process
mcnuy often be hindered by adverse site conditions (e.g. healith and safety hazards requiring
peraonal protective apparel and equipment). Sampling involves a wide variety of classical
mtieditods ito expose ithe soil volume to be sampled (e.g. shovel, power auger, backhoe) and
no remove and conuiineirixe a sub-sannple for analysis (e.g., utensils, hand implements, ilun-
waiilJled cubes).. Qualiiaitive analyses of soil sub-samples have often tx:en made in the field
by iu::sit kiits while quantitative analyses of scparue suib-samplles have been made in an onsite
«»r reraoite laboratory. Detenninaidon of measurement error variance has normally focused
«»ii! MxntoiEy operadons with analyses of a wide variety of quality assurance/quality control
CQA/QQ samples (e.g. spiked sample analyses,, blank samples, duplicate analyses). Field
operations are less well addressed with field "duplicate:!;"' (separated in space by some
distance) and decontamination rinses the only common field QA/QC samples..

Beyomd the prolbleiinii uwciated with natural soil variability and site coiiitamination,,
iqutaniiiiicatirve chacraciteiiiEaitioni of soil voladle hydrocajdbons,, or VC)Cs are they are olien called
(iv'oladle organic oompoiinds), is coimiplicated by the complex and highly lunprediicitablie
behavion of these hydrocarbons [5,,6].. For example,, tliere are en. 3:!i hydrocvbons
autegoiriud as VOCs in ilK! U.S. EPA haunlbus substance list (HSL). These compounds;
iharvc wiidely dilflferenit physicaJI and chemical ptopaties (Table 1) and in soil systems,, VOO;
can be present in the liquid (dissolved or imon-aqueous phase),, solid (soirbcd) and gas
(vapor) phases. The biodegraiidability of these compounds varies firorn readily degndable
(e.|!i,, itoluene) to recalcitnnt (e,.g. tetnchloroeiLhyltnie).

^|iaaj[iiitiJfication of soil system VOCs requires conduct of in serial oil' Utsics as iiilustiniuted in
Hpre 11, Itiii pnctioe, quanitiificaJtiom of soil VOO; has been achieved by various means
ofteni driven by labonruiccy ooniveiMenDe,, regulatory requirements oir personal preiferences .
Materials and methods far (polleciing and containerianiji! ml samplcii are dien siiBiliur to

used ifbir basic inmpliiri g of sotl and ideologic imateiiais., hluimerous methods have



Ikon incited to reach uid expose At pom of i;nimpliiii|j! (e.g. hand implements, backhoes,
power auif en, drilling rig; s) as well as (to remove in llHiilJk: volume to be sampled (e.g. hand
uiteiriiiills;, push probes, thin-walled tubes, split-spoons). Methods ito extract and
containerize in will sub-sample («;,|j;. 2!!i 1:0 1013 g) for Inter analysis have also been varied
(e.g. spiiJtiLilas; and spoons, trowelis;, coring device:!!), Qualitative analyses of mil sub-
samples have often been made in the IFiiekl by hand-held detectors (e.g. photoionization oir
fliume kmiiaition units) while ([laiiyniliiwiivt njMiJIyses olf separate rob- samples been mndle in EI
remote kboniory., AAiiLl/peii of tbe amitui>eiiad <w\.\ luiLiaciples m nQnmniUy accompli .shed
by reiciKrviiog 11 ito 5 jj; horn due llkld fuibsnmple mncj uniiBeniiiin; lUs noil in winter oir
iBediiwoll. ilie »oi]/]lik;|i[iid wmpk luideirf oea aciTiiucikm, purf e innd l:nnp ooiitceniitracion
followed by fii$ i[:hroiBiiLi:o|j;rapby o« gu; rfij[i(:»i:[]Lii:u:ji|!;ni.|:iliiy/f][i:iiiL!U!i lEpeccpomeicry ntntd up ito 33
YOGi iiure identified iiiiiid qiiuitdified. More recently, lihmiirc hrn Itxcieiri uiarentsttl use of field
poirtunbk ktonyoity iinsinMinonts for quantitative ifiielld inralyiieJiL, olfira employuig heiihdl~spa.ce
iKsctaitqiEO,, pdiricipiijly to provide reiiJl-itiome

VOLATILE HYDROCARBON MEASUREMENT ERRORS

Effom to iiaiteirpirei: mnd draw coinchuikm:!; from soil: VOC diuta ut ofteiri Ifhismted by
iiippiireirit dim quunMity proUemii . For exiunriple, it is oonimoni for liiibonitovy datiii ito oarreLaite
pooriy iilf ut mil with IJK field KTIXIUIII|I; iBeiiJiiurenienits incundc by plKMtoionimtiion or flame
iionixttion deitecton |[li>]| Moreover, Ind\ipl:icaii:e" minipilai oollkxiied wiiiJiiiiii 10 an of einch
odia- from n, fiven field wmple (e.g. ifiroim in apl it -banel iiuunpleir) am yield VOC iresul ts
wlhiiicb vinry by one icxr man! orden of iBiigiuiucie. Tbese ireamlts are moi: totally surpris ing
g-ivent the 'highly viiirimltile iniiiiwe of coouuDUAintd soil:!; imd tfie rneliti-plniise,, dynamic
behirviioir of neoi VOCs. However,, inn iiliterniative expliinnition for tliane types of data quaiiy
problems; is; ithiut ciuiuniiiuitive n:iets;uremenits; of soiill VOCs, cm l>e jiiLibject to serious;
menamomiu error po&Kntial, Itm die ic:onte:iEit of ithii! dixrutssion, niosuraBeot error |K>itntial
meana; Ithe iteiridlemicy for n. VOC iBeiiisiLiireineni: at a f iveni location Hind time,, ito have a
measiLireraenit oror vnoriuice itnd/or bins which is suiitlisidiaiJly uinacccpuible for nine purpost!
f'oT whiclhi itJtie data wait collected. While pnciitionieni have wondieredl abouit itlie
meimunraient arars lUESOckited with sainpiiing ami analysis; of VOCs, in soils;, only recently
hiiis research Ibcpnri to elviddaite ithe iinoswreinenit errar potenitiiiJ iBsociiaited VOC

uiifflificiidiJioiri and provide piidanice on unproved methodolog ies. ]HlJij[[lhJigjhts of $onie of
iiis wwh: ut suiniBiiriied in Tublai 2 vid 3 , lira addition 10 ithe wmh: outlined iiri Tables 2

and 3, ihiJldJicioaiij effbre are iiri progress by due AST1M and U.S. EPA no assess; and develop
new satandardlnd pracediiiDrai uidl'bir modify existing ones.

o
tiii

The cjii!it:iiri||; diiiiibiinic (Tiilnles 2 vind ;!)„ while limited, !iiu>ji;ge;!iit!!i ittinil soil VOC
imosutraBBiriits; rniiiy tie suilbjeci: to mbsitantbl nieasiiremenii: error pointiiiiil:!; when ULiiniptla are
icollecittl iiuindl iiuruiJIvxcuil Iby'classical methods. A nieasurernent errar variance (as ooelTicienit
«>f variationi) olf 10 ito 10D% can reasoniiibly be expecned. More kripcntnni: iirni of greater
conioern Jim ithe imeasuremenii error Ibiu which aura be iini line range olf -HIO'H: ito -i-l!Si%.
Siegrist and Jfensseira (11990) ooncluded that inrieasureiBent errar pNOieiiiiinJl wiis iicrongly
uifluenoiixil by itbe phase diisirilbutiion of n jpven VOC. iiicreasiirig erraur poiemitiiiJI was
coiTelated 'with increasiirag VOC Henry'ii Constanit (Kh) uid dtareiuing soil sorptio«i
miff iniity (KdL)- Tlhoe error poteniciiils have siipiificiiLiiii: iiBplliciutions f iven ithe vast irambers;
of soil VOC Riaisuireniciriitiit liiiiii havie been md ut being made and Ae liu-reachiing
decisions bdiiiijj; reackd tased on am assumed aoocptable dan quality.



Despite the results of recent research, much uncertainty reiBuas regarding Ac nature and
icnuipiituidc: of noil VOC iBeasurement eirrars, Then: lure in wide variety of soil and site
conditions innd volatile hiydrociurbou yet to be studied. In addition,, compilation uid
iategpdoni of samplle col lection and innilyiiaul errors is virtually impossible with the limited
enisling database,, Research conducted to diuie has dealt with either due sample collection or
the sample vMilyses components and has i:«:nt imtepucd itk: errar pcMaaidiiJ across ijluc aidre

t proocss,, FiiuUy,, ipotaniinl gJKiiriE-niLiiijgc itonponl uid spiudal viinabiLiity has not
chnnaaixedl for SiciiJ VOOsi.

Given i:hc iBaiLSiLireiBiMiii: airor poitiKnidiiil IFbc volaiilit: kiydniciirtKMiis imi i»Us, elTcctivc
pnrooedurts for orar innjiuigiBmciiii: u\d coiriiErol litre; needed. Wiiith ite aurraiin uiklorsuindi ing
of niaiisimmaait tmn, iJhm: pmtsit uiapraivaBiMiiis in inccuncy ud preciiEion am be made
by using wot ri|i;orous mataids und iciKtbods far isannpluig. Uk:.n.lly, itk: nuusuremcnit
process isltiodd jjnvolvc nssessmenit oif measuraBaiii; aroir pomiiiil for in given unnpliiiiji;
sctando no yidld die recjuired ngoic for the measurement proci:duire$. An example: oif i:hi s
uiiejgraikHri i& illimraned ib Table 4. It is anpliiiisized tluii Ifunheir wodi: u irieccssiyy to bccttr
defiiw 1tlw aiiiiegories; imd finciton in Titbit 4 and diBitennine itlneir Siiigiriifiauna: 10 the:
measurement error mEuriaeiBUii task:.

Ait itliis; time, itwo maiLSwenienit upproachesi have been developed aul shown to reduce
iBcasucramenit arar poxtcnditls. TbeK involve colJlecdom ciif uiridisiurbed soil cores lurid ciiiiier
injield oonuunerixadoiii in in pur|;;c lurid itirap vessicil or infield unmersion in m(M.hn.nol. Thic
piuirge and trap vessel method has the ndvaniuiijiie of simplidry, mainitaining low detecdoo
Lijixuu; lurid not requiiinjj; field ImiLiiidling of clicmiails. However,, nine sample volume
analyxed is quiite smnll (11 10 l!i g) and cornposiiinii;; of soil ujinples is precluded. Thie
meiJiLiiLinol protocol lias the ndviiLiiiuge of incretsijiii|i; itlic sample liiw: analyxed (thereby
ai:i£;ii!uaiin>g JEihoint-iruijge spntiiil vanability) and ii iilso ennble:s siiLi:nple compos icing,
Howeveir,, itlie meduuwl ihdditaoiii am increase line detection Limit's by a. fucitoir of 110 to 1(K)
and requires; field handtijng oiE'chemiicds.

hi addiciofl u> mnQnn:: ri|!;oraus methods for siuBple coltecition and nmlyriii, samplJLiiijg desijgns
should Lnicluck men close -ninge mnnipLini;; points (e.,g. <IO an Mpmdon) to help define
:sJKin-raii!|i;e isrpacial viiriability imd Ii:|i ocMiiiritwdon to matsutreiBcni eirrar vuiiaLirice idencifiied
ithimigh (JiiiplJoite nmple vialyses, QA/QC procedures meed lo be developed which tuxounii
for the measurement eitrar po«eniul of volatile hydrociutbons. In. ihddition 10 field duplicate
imd iiiibontovy !i>pliii: iiuiciples, it is recoimnended 10 include field blank and audit soil
samples. The field bbiurik samples would consist of n simiLnir but clean so«l mfutirix while the
field iiiLidit saniiplcs; would consist of di« clctm soil iBiutrix spiked with u suint of oompowids
sinxilar to litiose inntiopued ini the field. DoiJhi types of nmples would be carried firoim/to tlie
labocaKnry and handled sLinilariy ito due field collected soil uinplcs. Tliiese samples would
ennbk determinadicm of measurement error bias.

Finally, miniiniaing 'the pire-analydcnl holduig idroe uvd vaiiiiibiLiity of holding coodidom
sliouild be nccoimplishea where mejuuremeirut error potentials lire high. Improved and
expanded use of infield analyiticaj instrumentation and procedures may provide gTeai
benefits here. However, the covutribudon of field qiLumdtadoni lo reducing; measureinent
error poienitLals is yet 10 be deiLaTtiined.

Developmenit lurid impkmentadoA of meilvods to conicrol measucreiBeni: eirrar poienitial must
irecopiixe due limitacionis «tssociau:d with sample oolkctioin iiAd analysis., F(»r example,,
sample!! are oAeni oaUected under advene field conditions wben cumbersome collection



procedure:!; might foe impractical, if IKM impossible to implement Also, since laboratory
opacity is often limited, rapid sample analyses are impossible UK! samples; UK: often held
for many days prior to sub-sampling md analysis.

CONCLUSIONS

Despite the sophistication utd cost of sample coikcitioici and analyses, there remains
isybsitanitiial ma significant uncertainty associated with noil VOC peasaremenit data.
Interpretation of existing VOC data most include careful iiJiulysu of mmflt collection,
luiMiLling iiwl analysis procedure;:, Early VOC chiinctarixiidowii diuta mny lti«i: more suspect
lihiui rec«:mit diuta diiLie Ito recent!,y unproved siumpLing pracdcai. Ini j):eiK:nl, measweiBiui:
a:roir am bt iiLSsamed to Ili-c lEJipiificiijaii, coaaprised'of both iitiLiBple airor vnniiAce aind

bus,. The nmBasucrtiBeiinl erroir jp<pi€iaidiiLl is pwrtioikirjly Ufllii for iJlic man: volatile
wiijj low iM|ii«!ouiJ! solubiiliuciii. When preKTiibing proDcduurtis; for VOC
is, comidentioni imusi: lb«: pveni 10 ithe mensoreiiiKnit arar po«enuil olf in j[;;ivan
scenario and iivullable iBeastnnicnit iBBitkxik] |̂j;ks us well us nfie iipplictciim

of ihf. datii, and the scdouiisacsi! of 11. dnita-qualiry related incoma decision. Man rigorous
iBKitliods are available iuwl/or minder develiopmenit whiicln CIILIII reduce as wiell as delineate
measurement error variuiynioc uid bins when quiumdiyiAi;; soil VOCs. Furitiicir research i&
iM;cc:!isary ito elucidate tlic irneasurenieint errors iiicivollvied iin. qutantifyinjg; volatile
liiydrocariions Lm soils; md to If'aciliitate oonitimitod dcvclopintnii: and rennemeint of sanipliiriig;
uid analysi s iBcithods lund Q|A/QC procedures,
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Table 1. Volatile hydrocarbons included within the Hazardous Substance List (HSL) on
itk: USA iiind their occurrence nut U.S. EPA Sniper fund Sites.

Coiiri|Kiuiirid

IF*ren«1iiDii>1'

Billing
PaM PruMiiiurni SioluiMlly

HiiUEinnkiun
Wiiutiln Situ

; miKl

CanbroiTMifitliiJiirHii
lEkiHiKirriwthnirHii
Vinyl CNorid*
Clilbmilfunruii
MnlhyftiHiKii Chloride
Acwloniii
Cntrbinri Dinullkki>
I,11-DichilbfonllhiiiMiiii
II,11-DichiibfOKiilthniinii
'Irniriii -1,2-Oichbra<»l;h«»™i

1.2-C
!!•!!) uliiuxinii
I.'l.l-Trichbroflilhiinii)
Giutem Tiiltirndibiridn
Virtyf Aciitiilln

liniirini-1,:
Tiic:libiriMi1ih«i>ii

1.1,2-Trichbre«than«

dn 'I r'H:)ic:hbro|>ro|>nrHii

Tin) irihcliibirontlxi run
1,1 ,:i! J! •Tiiiitrndibironiilhiiirwii
Tbluiinii

Slynnnw

6MI
1il!i
IK
MS
lit!!

76.1
97.0
M.O
97.0
111)1.4
M.O
72.1
11331.4
1IMI.S
1KB. 11
1HB3I.IEI
1113.0
11111.0

133.4
79.1
1111.0
2U.il
100.2
11X1.2

1EI2.1
II III!
101!.:!
1104.1
ion,:!:
ion..:!:

• 113.111

40

3111,1)
67.3
40
§!!!
IIL3I.JSI
79.6
71/81
7(5.7
73I.O
1EHXO
1EMSUEI

IEIIEI.7
Ull^IZi!
11131.7
IK). 11
1104.0
14111
HIM II!'

1441.4
1110.11

OEJ.;;>

144.4

111901)1:i4i;i
!!70

IIHX)
rioo i;;!!!ft:;}
l!»740

IMbi:«4>
;!!3K)0 Ci!2aC]l

100
200
11)0
(Ell

IIX)<;io
IEI3I

42
34 (2S°C)
W

mil
76
43 (2S°C)

II

14

III.IEI
7

4)001
0000
II4II1K)

MO

2000

4!>00i
I7IEIOI
2700
3190(3000)
17000
39000
150 <25°C)

23 |IEI%|

III 110%]

20 [9%]
I!) 110%}
17 [12%]
(!) |[20%)
:»

61 !i

IEI [17%j
27 I7%|

11 |36%]

5 [23%]

'II [17%J

3 |27%]

S1""
300

178

11
!!

PropimriiM urn nil Xi:tC udimui inricitlviic MMiri|:uiniiuf u> In nliKHim In ( )L
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4IM1 nuteUiuiciMi foufidl ml thn



Flipon: 1, Siurciplinjj; process far volatile hydrocarbon maisureiBanis Lri conitiiLinijriJEUtdl soil
mind quantification anrar

TRUE

f.

•' SAMPUNG DESIGN fjSSl
o Study Pinpoint) ty:, :;,;.;, .*,,>;

; o JEipflitelAimponii UMMHI ||;,> : :• • , : :;. w
0 1.) lltll (.kuillif (' ObjIvOilVWIII • • : , i • . . .;
o biripkiiiriwilHijlkjiri Connlnnirtliii

I ' ' •jjL
!!

SAIMIF ĴE-iCOiLlliCTIGISI
o Riiiiich S«iinplii>() Point (iiu.>(]«iif, taddiom)
o Bulk Voiniruii Rimrmiviul (tiplH-iKpcKin, lukut)
o L'Oilocl Siiunii{pnii (iitpioon, ipus'ii-proI'MD )
o Coritiuiriwrteai &nrnpla> (TiMlon- i»iniJtii<:l (jliisis)
o PiriMMHvai Sjiuinpb (40)
o Tnuruiparl innd Stwmn Sayrn l̂m (jgrauind, lit)
01 FWd OAO:: Siiyrr̂ niK

1
SAMPLE ANALYSIS
a ILnboailCMy Siuriip̂ ii Sl»»niK()i» (40)
o LntooriiteH'y Sul>-(i.iiiriî iir>;i (1 to 91 |j|)
o ̂ nnniluih/ IniillnjiTKiinlJiLliicji'i Pnipiiinillon
o Laboratory QA'QC (Spikiiiw, lEMiiynkn)
o Snirrpto Ariunlyiiiw ( GC, GOW.I6, DUVAS)
o Dflifen luruiLlymiii «und l:lii«i uKii l:l<ii|:>(3«r1lin-[) "
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SAMPLE DATA NTERPRETATION S
••.. ., - . 1 .:•«>*: ;,,• ...'-• ••• '• •;•-: ' '.••**'•'•"'

' ' ••• ' -. 1 • ', •:••••••• :" ' " J:..'" '. • ' '• ' .: .... .. .•••• . ' •••.__________ IE ____ : ___ , ____

;..._.,,;.-, ;,,,;•: . ..<..:,;.

yjfiaiialixl

iHS

MeBSumm&nt

Potentials

Interpretation
,,... ,.:•;. ; jbf'fW :;

U, \~fPdtential
<^*#><^y-

IE OCl!

MEASURED OONCEMTRATONS
In Sar nipki or Domffliiri of InltiiirMl!

1E..JC..1E...IE..JC...1E..2E.I



Table 2. Measurement arrair undated with ujmpllinii;; practices for xn\ VOCs.'

Study auk!
Lccaiikm Conditions VOCi; Studied

Sienjiisit nurid
Jleiassen [131]

AJIIS, Norway

Natural Suid lErana 0-50
QCICI (

Samples collected wiijhi
iiMiri-wiiilJlcdl tubes

UDiiiitutrbinna::
SJIiaidspiiciR
4.Methanol . presovatkxi

VOOn measured'» 0 ID
n

ks&M kicimsrscd ijt

viiniiiiiikwi nil .ways <66%
and typically <!:!!%

IRdLaiiivc negative bins of
15 to 100% (compared
to kij[jjhie!% Humoured
value)

Bus correLnitod with
sinticiplinjg nieithod. anid
VOC lK.|i, lurid ]EQj|

VOC reoovtries iuni :
«57 to 125%

Urbflini tit ii.l, Siilty cby- ckyey A
PJ ' ' ' '

UncontroUed lyixandous;
Ptniiiisylvuiiia, waste site
USA '

Fkklcolledtd
l!n:im !ipli.l:-l:

LConv. EPA process

Hi|j;hditt yOGi in
iinf in: kl ininiienscd in

Maisutrdineiriit coefficient
wialkin <17%

Rdiniivc mcjpicrvt
cmpimdl
was rj/piailly >80%.

VOC reotmriai in roalrix
:i;pi.lcc:!i '» 31. to 96%

USA

«i Soil spiked wiiiiti ITIJJI;ture
of VOCs
SiiiiEitipleit ociiUtoied Iby two1

radiiicids ID evalunte nb-

iiuiwJI inip veud
ni in pmrp;

19 VOCa on U.S.
EFAHSL

Nen;ai]iv(E! bim vinrkdl wiith
VOC

a:HriitiuiM:x Itriiinsfeir ming
dired iixmttiiwixiykin \n
]|j<i];r|i[c: mnd tnifi vtBssdit
anni ra:kic«! imepiErve bins
fonni iuni ii vwnitge of !EI9%'



Table 3. Mamiranonit error iiLiunciamed with sample analysa; for soil VOCs (after 11).'

Hydrocarbon

ToliLCxic-dH

Error Component

llnin-LnboiriMoiy Premkm

1,1-Dichloroethene

Toluene
BlClUOX

N uirnbcr oi:
Duplk:iute

353
438
432
376
411

Mart Itdlfliiixve
Situtdaird
Dievitiutioin

|Ei Pi (Hi

7 J %
6.7 %
7.4 %
7.4 %

QC Recovery

55 - !!li *
59 - 139 %
60-1133%
59-139%
66 - 142 %

Cbinicracit

LJhxiut
«t Ulj![/Kjg
:!> uiji;/k:g

:!i vtjg/lqg

][iriita-4.,aiiborai»ry P)r«:dsioiii lumci Bias

Nmnlbcr

10395
10402

Deviiaiion
I3.J *
15.9 %
1 8 , 1 %

Bias
+ 5.0 %
- 1.7 %
• 3.2 %

Recovery
Lixiriiis

liij; - i'ilO'i
86- 115%
76- 114%

Method Bias (Blind Sampk AnaJyscs)

Chloroform
L(2"Diehk:in:>ei]iii.[w:
][!]'ilt»[W][ii:)i::l'ill(:in:irncr|]],!iiii!:
Btmme
BiroiBQlcirm
2-HcuiKHric
ToluaiiE!
ChJoobeueoe

Number
'si
14
9
9
10
6
10
1.0

Deviaicion
ll.Ci %
113.1 %
35.0 %
32.1 %
116.6 %
16.6 %
13.8 %
21.2 %

Bliu••in *+ 11.1%
- 12.0 %
•• 10.3 %
-• 12.1 %
- 45.5 %
+ 1.3.7 %
+ 13.2%

11 Dtn btiLsed on luiily^it ocmdocircd uuridar U.S. EPA Connctt LabooJtowy IPropam duiinijj;
Dec,. 1984 iiiiid ISkWaBbex 19IEI5. All n::!!iiiliL!i ba!t«:d on iiLimlyses of spiked soil samples.

lie



Table 4,. Example integration of measurement error potential uid measurement rigor fen
quantification of aoiJI VOCi.ll

Relative Enroir Fodanlkl oir IVlausurrairal Rigor2

Low Modmie High

Ibnoir Potential
VOCkoflowKh
iiuiid high KOW
(e. ,g.

VO'Ci[i:prmoi:li::niLli::
Kh mi-id KOW
(c.g. ttriuene)

VOGn wiiith bi||;h Kh
tnd low

Soils with high TOC
(e.g. siuirf nee Kills of
various textures)

Low ambient aw

wiith 10w TQC
bad. hiifijti dny otminenit
(e.|. clays;)'

Moderuli!! ambioiit ;nir

Undisturbed saunpkis
cam be: ailkcttd aisily
(t.g. surface: soils)

(e.g. 10-200Q
Undittutrbed
nnriples am usuiilly
be coJ[lccix:d
(«!,.];;. shallow suibsoils)

SoLls wiiii! low TOC
ati%d daiy coiciitrai:
(c.g.. ![uibsoil!s; of
clbiuri sand)

IHIijgti unbiariit nir
iiicnip
(e.g.

lire hiinli 10 colka.
(t.g. deep subsoil,!;,,
:saprolitts and irock

Rigor
ei:>ni:iiini::rLi:cd in
Teflon-sealed glass
jani wiltlii km head •

and pranvied tt

o(2iiii>iaiiiM!rai!)d in

with low liod-
uid preserved

QA/QC requires only QA/QC requires field
iTNiitijiie ulbow'iiitory duEivlicaiie KaiciDkii; and
Q|A/'QC lumplles uid n lEidId unciiit uunnple is

liilloniji!
with outer imituie

und vialysa;

Undisituurbed samples
cciritainaiiaEd infield
in pnirfte lurid
trap devices or
immmed in
nneithiiunnal and
preserved tut 4OC

QAJQC reqiiiiires field
doplicate mcnplbi uid
Ifkid audit sainpk u
w«ll u; ofer rouilHUB
QA/QC samples uid
analyses

11 Mbraciadoiii provided in (this uible is lEor illlustrative pioirpcises only,, FurUner reseucti and
development i<i; nteeded ito ddEiiine the error iimtd measureiBciiiii: ri|j;oir aiitegodai and Ik:
Ifindicin involved.

:1 KCh «» Henry's Oattstanii,, Kow "' «;itanol/waii:«!T paiitiiion ooefficienit, TDC «> soil toiunl,
oiripunk carbon oonitemt.
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MODELING POTENTIAL MIGRATION OF PETROLEUM
HYDROCARBONS FROM A MIXED-WASTE DISPOSAL SITE

IN THE VADOSE ZONE

S. A. Rawson, J. C. Wafton, and R. G. Baca
Idaho National Engineering Laboratory

P.O. liibx 16215
. Idaho Falls, ID 83415-2107

ABSTRACT '
Environmental monitoring of a mixed-waste disposal site alt the Idaho National

Engineering Laboratory has confirmed release and migration into the vadose rone of:
(1) chlorinated hydrocarbons in the vapor phase and (2) trace levels of certain
transuranic elements, The finding has prompted an evaluation of the potential role of
waste; petroleum hydrocarbons in mediating or influencing contaminant migration from
the disposal site., Disposal records indicate! that a Large volume of machine oil
contaminated with transuranic isotopes was disposed'ait the site along with the
chlorinated solvents and other radioactive wastes.

A multiphase flow model was used to assess the possible extent of oil and vapor
movement through the 177 m thick vadose zone. One-dimensional simulations were
performed to estimate the vertical distribution of the vapor phasic, the aqueous phase,
and immiscible free liquid as a finaction of time. The simulations indicate ithat tbe oil
may migrate slowly through the vadose zone,, to potential];)/ significant depths.
Calculated transport rates support itlie following'ranking with 'regard to relative
mobility: vapor phase > aqueous phase > free'liquid.

"INTRODUCTION .
Subsurface contamination by mixtures of organic chemicals and radionuclides

associated! with energy-related activities has been identified1 as a major environmental
problem (IJ. S, Department of Energy, 1984; 1988). Fast disposal practices of mixed
wastes associated with national defense programs were not: subject to current
environmental rejjiijlad'qra;, wiitli itlie result dial: problem!! cif migration! of oreanic and
iraclioniLididt oa-conitaminants are arising ill numerous Bijxed-waste disjposal sites.. ID
liocne cases,, the rernedilaitioo of mixed-waste sites is made more difficult by the
synergis I ic efiects of co-conta.fn i;n ;ur: migra lion A Jfiuther diffiaiJiy is; encouDitered
when inued-waste con lamination occurs i:ui variably saituraited, inleVbedded poirous tod
.fractured media. •*?. . ,~:is,,..;.; . v :̂ -̂ ;î  -L ":-.,';, • .„ . . . . ' ' " '•

' '

[Jr-; .„.-.,:..
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In the western United States, arid waste disposal sites were originally selected on
the basis of climatic and hydrogeologic conditions considered best suited to the
avoidance of contaminant'migration, ll is often more difficult to model any
contaminant transport that occurs at disposal sites located in arid regions, 'because
there is a smaller set of data for understandinji; co-contaminant Clow and transport in
areas with low recharge and thick vadose zones of variable: permeabilities.

In. order to effectively mitigate contamination at a mixed-waste disposal site
located in an arid environment,, it is necessary to develop a fundamental undemanding
of the hydrological and geochemical processes thai affect organic co-contaminant
migration, transport, anal chemical reaction in the subsurface. Computer models of
contaminant releases from mixed-waste sites can be used to provide insight to tbe
processes controlling co-contaminant release and transport. "

Jt >er presents the application of computer models to a case study of tbe
movement oit chlorinated hydrocarbon solvents, petroleum hydrocarbons, and
transuranic (TRIJ) radionuclides from a mixed-waste disposal site located over a 177
meter thick vadose zone at the If. S. Department of Energy's Idaho National
Engineering Laboratory (INEL) in southeastern Idaho. Ongoing site characterization
has demonstrated than chlorinated solvents and transuranic radionuclides have
migrated through the vadose zone (Laney el' nL, 1933). The Hate of the co-disposed
petroleum hydrocarbons is less certain. Therefore, mo-deling, was conducted to
evaluate the relative mobility of the co-contaminants in the subsurface and to
determine tbe possible contribution of tbe petroleum hydrocarbons to radionucLide
migration. • -

The paper includes a brief description of tbe site hydrogeology and the nature
and extent oit the co-contaminant migration. Tbe conceptual and mathematical basis
for the modeling approach is presented,. Tbe paper presents results of computer
simulations of petroleum hydrocarbon migration,, and a discussion of the aspects of the
model that warrant further evaluation.

SITEHYDROGEOLOGY
. As pan of past waste disposal practices at tbe INEL in .southeastern Idaho,,

transuranic and tow-level nuclear wastes linked with hazardous constituents have been
.- disposed in a shallow landfill, the Subsurface Disposal Area (SDA). Tbe INEL is

located in a shallow basin in the north-ce.ntral pant of the eastern Snake River Plain
and the SDA is; sited ant the Radioactive Waste Management Complex in the
southwestern corner of tbe INEL (Figure 1).

Th(e INEL is minder lain by Pleistocene basalt flows and intercalated sedimentary
units that host the Snake River Plains aquifer. The unsaturated> rone separating tbe
SDA disposal site from the Snake River .Plain aquifer is approximately 177 meters
thick and basalts constitute approximately95% of 'the stratiig raphic section. Alluvial
sediments of Hobcene ;:ige occur in a band thai: extends across tbe site from noitheaslt
lio soutbwest, and are associated with the lElood plain of tbe Big Lost River.
•" The subsuirface geolojgy of the unsatruirated xone ait the INEL uid Itlie SDA is
well-characterized as a result oil' data collected by Itbe Uiutted States Geolojg;ical Survey
and site contractor!! from numerous mon|ttoring we Us on the INEL mite. The SDA in.
Ikxated in several meters of suiiicial alluviuinx llkneath ,|[he SDAW basalt flows ranjge in

. '." ithickniess I'roin 2 ineten 110 20 roeten, wlttb ;n 1:1 weihaie i.l'iic:l<:p:::!>:i of approximately eight
meters (U. S, Dtpiiiiitirniiint orBncr;!!yi'][(:)S3),, The '.flows ii.n::'lnit<!:rl.!iiyi::K(!l wilii
unconsolidaied cinders and volcanic breccia, and finvial,-lacustrine;'and aeolian

• i;:i'-sedin:»ents:^^^^ « .
•- . - i r * , . . ' r f -. .- •- '•|W«A.ir«S>?lr-"" ' • * " . "i*: * *Ml"'- ']f'« ' - "- " » • ' • ' ."« "' - •"-: '" * *f •• - -' •* •«•> ••*
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Figure 1. Location of the Radioactive Waste Management Complex: ait the INEL.

Two major interbeds occur beneath the SDA, at depths of 34 meters (110 ft) and
73 meters (240 ft) (U. S. Department of Energy, 1983). A discontinuous interbed at
approximately 9-10 meters (30 ft) has also been identified,. The clay numerals that are
found in the alluvium and sediments are predominantly illite, mixed illite/smectite,
and smectite, with minor kaolinite. Concentrations of organic carbon are less than 0.5
weight percent (Rightmire and Lewis, 1987). A summary of the lithology and
mineralogy of the vadose zone units (alluvium, basalts, and sedimentary'interbeds) is
given in Kawson and Walton (1989),

Fractures in basalt are commonly Hilled with clay- and silt-sized phyllosilicates
and caliche where the basalt was previously exposed to (.he surface. Several basalts are
locally very highly fractured, with 'fracture fillings of loess that signify a long period of
exposure at landsurface. Some of the fracture infilling material may have Seen
transported Into fractures by suspension in water and downward infiltration of die
water through the fracture network (Rightmire and Lewis, 1987)., As the water
evaporates in the unsaturated zone,, thin layers of clays are either deposited from
suspension or precipitated from solution. Fractures and vesicles both exhibit some
layering of the fracture fill material (Rightmire and Lewis, 1987).

Hydro low of the unsaturated zone alt iJie IDNHBL is controlled in part by the
average precipitation. Precipitation on the 1ENEL site is in the range of 13 to 36
centinbeteri; pen year, with an average of 20 cm per year (Banaclougfci ei' aL, 1976).
Snoiwfall accounts for 30% of the annual precipitation, hi areas of thick alluvial iEIIl,
evapotranspiration exceeds 95% of the precipitation. The average annual infiltration
rate ranges from 5-10% of the precipitation.

NATURE AND EXTENT OF.CONTAMINATEON
The SDA consists of trenches and pits, some of which were originally excavated

down to basalt. A soil buffer that ranged from <I67 i:ci 1 meiter thick was left between
the waste and the ijipipeinrnosit basalt flow. Between 1952 and 1970, apprcmrniatdy
96,300 cubic meters (3.4 jc 10* ft3) of transuranic and low-level radioactive wastes were
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emplaced on the soil buffer and covered with a soil cap. Further burial of transuranic
waste was prohibited by regulation in 1970, but disposal of low-level waste has
continued until present..

Surface and subsurface environmental monitoring foir radionuclides at the SDA
has been conducted since the 1960s. Recently, monitoring for the migration of
transuranic rad ion u elides established the presence of environmental concentrations of
plutonium and americium (activities up to picocuries/gm) at a depth of 34 m below
land surface (Laney er a!.,, 1988). The contaminant migration problem was exacerbated
by the discovery of' elevated levels of hazardous volatile organic compounds (VOCs) in
tie Snake River Plain aquifer beneath the SDA in 1987 (Mann and KaobeL, 1.987). '
Corrective action required by the Resource Conservation and Recovery Act (RC1RA)
ibias been implemen ted at the site (EG&G, 1.983).

Although detectable quantities of carbon tetrachloride, 1,1,1-trichIoroethane,
tnchtoroethylene, and chloroform, were measured in monitorijag wells in the aquifer in
1987, the concentrations of all but one of the contaminant were below the maximum
EFA allowable concentration of Su.g/1. Carbon tetrachloride concentrations in a
single sample were above allowable levels (6.6u,g/l) during only one sampling period
(Mann and Knobel, 1987). " " '

Maximum concentrations of VOCs detected by aquifer sampling, and soil jpas
surveys of the surface alluvium and deep borehole gases are shown in' Table 1. the
most extensive contamination is related' 'to vapor plumes of carbon tetrachloride,
trichloroethylene, chloroform, 1,1,1'trichloroeihane, and tetrachlproethylene in the
vadose zone (EG&G, 1988). Partitioning; of VOCs from a vapor into Hit perched
water and the aquifer is assumed responsible for ithe indicatecl aqueous conoentrations.

The RCIRA corrective action prompted by release of hazardous VOCs into the
vadbse xone at the SDA included sin ellb.it to establish a complete inventory of the
hazardous materials that were disposed at nine site, Disposal records indicate that
approximately 334,000 liters (88,400 gallons) of TRU- contaminated, mixed-waste
sludges from ;;i national defense plant were disposed in' several, pits and trenches at the
SDA between 1966 and 1970 (EG&G, 1988). Prior to disposal, Acs wastes were
absorbed on calciiunm silicate and emplaced iin 208 liter (55 gallon) Kteel drains thai;
were subsequently sealed.. An additional W.C'OO liters (13,400 gallons) of oil
comtanninaited by unldentifned radiionudides were also disposed at the SDA.

line defense plant <s>lud|>a consisted of mixtures ofih light machine oil and various
chlorinated solvents contaminated wi tin transuranic radionuelides. According to
disposal records,, carbon tetrachloride, tricbloroethylene, tetrachioroethylene, and
1,,1,,1-itridWoiroethane comprised the bulk of solvents disposed during 1966-1970(Laney
er Kxi',,, ]I98H). The geneiralioir ol: ithe defense plain! sludges provided infonoMion
indicaltinji;; itlial: the' lathe coolant uised k foundry operations consisted of 60% machine
oil aod 40% cairbon teitirachloiride (BGiG, 19131)}. As much m I'llil.JXlO liters o I:
machine oil were disposed, biriinifinj;, the total volume of disposed petroleum
hydrocairbons ito approximately B"l,000 liters.

ra^^^^
aic: assumed ito be co-co'i'itairriiiinaiii.!;, because in slgniiliamil: voluime olhthe oiianie sludges
liortu the defense plain was used in plutooiiunii foundry operations and componenlt
ilabrkatioirii (EG&G, 19SB), Tlhe cheirniciiJ lE'orro ol! the pfutoniuncii used in lloiUHiliry
operaiioiris iind cohniponenilt libiricaition is umned Ito be plutonium indtal, bailed on the
uncliaiiifli^dliinlbirniiatioiirdiscusK The plutonium
ireoawery operations at the defense plant involved puiifiailion ol! the nrietal ud Irnpure

:.-•"* .,
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TABLE 1. MAXIMUM CONCENTRATIONS FOR VQCi RELEASED FROM! SDA»
VOLATILE ORGANIC
COMPOUNDS

Carbon tetrachloride
Chloroform
Trichloroethytene
Tetrachloroelhyiene
1,1,1'Trichloroethane
Dichloroethane

VADOSE
ZONE
SOIL GAS
(mg/M3)
1400
ND2

690
•40
:;.:io
NA!I

VADOSE
ZONE
BOREHOLE
GAS (mg/M3)
].[)(:•[)
BO
m
G
0:1
3

VADOSE ZONE
PERCHED
WATER iig/L)

OCX)
&»
StiO
110
140
13

SNAKE RIVER
PLAIN
.AQUIFER

6.6
1.0
1.4
<3.0
OS
<3.0

'Dm tnm EG*G, I'M.
'•ND« not ilhEtmcd. Anahiicnl iiiK:ifi:n:n.:« will), catta! tcimdJ(iiri(l«. NA>«'i9iicM uuiLlped

plutonium oxides (Baldwin and Nayraitil, 1983), The plultonlum associated with the
organic sludges is assumed to have initially been physically enitrained in the sludge as
small particles, from foundry operations. Contaminated acids and solvents from the
plutonium recovery operations may also contain lesser amounts of paniculate
plutonium in the oxide form.

Of the radionuclides disposed at the SDA., detectable quantities of
plutonium-238, pIutonium-239+240, amerio'um>241t Strontium-90, cesium-137,,
cobalnSO,, and euiropiuni-154 have been reported from surfiidal sediments fLaney et a!.,
1988). Plutonium-238, plutonium-239+240, and anieridum-241 have also been.'
detected in the 34m interbed (Laney et a/n 1988). The mode of radionuclide txansport
is cunrentllv being investiigaied as pain of an ongoing study of ithc SDA subsurface
(Rawson et a/., 1989).

A conceptual model for the release of VOCs was developed to describe the
evolution of ine soil gas plumes and the subsequent aquifer contaminalion (Baca <e/ a/.,,
1988; Walton et aL, l'989b). Processes considered in tie model of VOC migration
include aqueous Oow; vapor transpont by taseous dMisiion, and nonaq[ueous fluid
phase flow, The observed migration of VOCs was modeled previously using one and
itwo dimensional flow anicl tiransjpoit axles to describe vapor generation and trsmsport
(Walton et alt 1989b; Baca et d,, 1988). The models of VOC migration indicate vapor
transport is the predominant mode for chlonnated solvent transport

Likewise si similar model iEbir the migration of the radionudides in the
unsaiturated zone wv develope4, and ];Hrelimlnary atlculatlons on aaueous flow and
solute iranspont were performed using a thjree-dunensional ;l'lpw a.i;i<:! araasport oode
(Walton ar a!.,, 1989iii)» The majority of transuranic radionudides iEtre assumed to
migrate as colloids that undergo mo'retardation during transport (Rawson ar all, 11989),,

To evaluate the possible role of the machine oil in tine migration ofboti 'VOC
contaminants and iriidiionudida Ifrom Itltie SDA,, itlne primaiy meclianisnii for petroleum
hydrocairbon migration must be esilablislbed. The remainder of the papeir reponts
results of model ing oil flow in the unsamjrated itone at itlie SDA.

MODELING PROCESS" - " T ••?::,;-. • ; . . . " - - • - . - .
The pckssiible (lixitehlt of migration of the machine oil reladve to the other ,

rconitairniiiiants has been evalluaied 'by the 'application oft model for multiphase flow



and transport, described below. A. systematic approach was applied in all the modeling
studies that were used to evaluate the relative mobility of the'co-contaminants in the
subsurface. The approach is summarized below:

1. Determine the key physical and chemical properties of the organic and
radionuclide contaminants

2. Develop a conceptual framework to describe the controlling processes and
driving forces

3. Formulate mathematical models for vapor generation and transport,, aqueous
flow and transport, and multiphase fluid flow and transport

4. Implement the mathematical models with general computer codes
5. Check the transport model predictions using available data for organic and

radionuclide contaminants
6. Predict the fate of the co-disposed machine oil
7. Evaluate the relative rates of contaminant migration
Because models of VOC vapor transport and radionuclide aqueous transport

have been previously presented (Baca et cu., 1988; Walton ef a/., I989b), the modeling
process as applied to the petroleum hydrocarbon migration is the only facet of the
modeling effort discussed here.

Physical and Chemical Properties of Mac/we Oil
The key physical and chemical properties of the machine oil weire developed as.

pant of the durreni: study,, Characterization of the oil disposed between 1966 and 1970
has involved certain assumptions due to the difficulty in obtaining detailed
compositional information on any machine oil., Most lubricating oil. fractions contain
normal alkanes (n-alkanes) in the range ol: C/Q-Cuq, as well as a wide range of
branched alkalies,, cycloalk'anes, and mono- mid polynuclear aromatics (Kinghorn,
]1983). The; most common cycloalkanes or napth'enes in lubricating oil consist of one to
five rings of carbon. The arbmatics are primarily of the fused-ring type, with
phenanthrene derivatives .more common than anthracene-based compounds
(Kinghorn, 1933),.

Heteroatornic compounds containing nitrogen, sulphur, and oxygen sure more ][
prevalent in lubricating oils, and are also moire reactive,. Usually lit is the medium
chain length alkaimes that impart itlie lubricating properties while the cyclic compounds
are detrimental to these properties. Only n-alxanes have been Isolated as pure'
compound:!; from the lubricating oil fraction, although many compound types have been
identiillted by mass !s;pectrorneltiry (Kinghoim,, 119I33).,

This irnadhioe oil usacl iiut the cliefense plant was a imiilure of several base oils that
were cither solvent-'dewaxed, paira;fl:iiniic oils or oapitbenic oil:!i. Because 32- to
68-weighi: oils aure used in cuinrent rnachiiniini opcifatiom m I tine defense! plaicut, the oil
used between 1966-11970 was assumed to fall in ttUs atitegoiry,. Tbie i:n;;i.nufiiclur<!:r of 'the
machine oil wus ynabli!! tio pirovidc inlbnniilion on the pinDparition of paraffinic to
napthenic oils used to generate itlie madune oil! produced 'in the late 1960s, so general
chemical chairaclcrisiia wteire aitinnated from data on machine oil currendy k; use. Ilie
liydirocarbon,(:om|K)iLincls in machine oil are assumed to be iiijppfo:draal:eiy l!i4-70%
para ffinic hyclrociairbons (mostly branched), 21-29% napthenic hydrocarbons, and 8-9%

•-aromatichy'drbcarbbhs.-c--:-;V^Br.. _;•-....... •;f.;:=-~:-;;i»" .•-":f..?-iv^t;*^?"*"" r"". •- * • -



A 68-weight oil has a kinematic viscosity of 64.5 cSt at 40°C and one of 439 cSt at
10°C. The kinematic viscosity of 32-weight oil at 40°C is 30.5 and at 10°C is
approximately 230 cSt. Data'for the 32 weight oil were used in simulations to ensure
the most conservative case was modeled..

Conceptual and Matliematical Models
The conceptual model of petroleum hydrocarbon migration in the unsaturated

zone(considered multiphase transport. The' co-contaminants were modeled as
coexisting; immiscible liquids and a vapor phase., The process chosen for simulation
was the simultaneous movement of water, machine oil, and air in the SDA unsaturati
zone.

The computer code MOFAT developed by Parker and Kaluarachchi (1989) was
used in ihe oil migration simulations.. MOFAT is a two-dimensional, multiphase
Galerkin finite element code. The code is implemented on the INELCray and on a
SUN Workstation, The non-linear nature of the governing equations extracts a high
cost in computer resources for the simulations.

The continuity equations for multiphase flow are:

4>- at h w "••;;:::P- (.. ;hw + p, (1)

(2)

(3)

where: h «= fluid pressure head = P/p ,,,,g
K == fluid conductivity - subscnpls
p ™ density w, o, a = water, oil, air
S ™ fluid saturation r « reference
* = porosity
t « time

The gas phase has a much lower viscosity than the two immiscible liquid phases.
For this reason pressure gradients in the gas phase will generally be low and am
frequently be Ignored when calculating migration of the'liquid phases. Eliinmation of
the gas flow equation is referred to as the Kichards approximation.

When several fluids coexist in i porous medium^ the fluids become iiLrran|i;ed in
the pores according to wettability for the solid phase., The fluid with preferential
wemibiility will occupy the smallest ipore!; and me i'luid with least wettability wilil occupy
the largest pores, In the water/oil/air :sysiten\ the waiter occupies the smallest pores
and the air occupies the largest pores. The oil phase occupies pom of in termed it lie
dimension. The'relationship between the three components is illustrated in Figure 2.



water

oir

Figure 2. Arrangement of water, oil, and iiiiir pltiaiws In noil! pores.
In the governing equations (Equation!! 11-3), the liquid saturation (S) and the fluid

conductivity'(K) are dependent upon the relative amounts of water, oil,' and air in the
pores. Constitutive relations for the multiphase system were derived using the van
Genuchten (1980) model, where the saturation versus pressure bead relation for an
air-water system is:

s w -
where:
:::: '>:> w ""

rn - 1 n for h iw>0

for h , l w <0

(4)

w i-s.
Sm '» residual waiter saturation

When modelling a multiphase system, it is assumed that tbe relation given in
Equation 4 represents ii pore s.i:i:e diiuibulion of ttbe niedi'uirn wlildi is
fluid«iiridlep«naent. This assumption allows the relation to be generaliud to a
three-phase system.

13,,, - o.w/o.

h .. - h „ - h . h r<1, - h . - h h 1IW - h . - h

(7). (8)

(9), (10), (1 1)
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The relative permeability of each phase is also a function of the amounts of each
phase present, Relative permeability is'estimated using the Mualem (1976) integral.
rhese integrals are evaluated analytically using the van Genuchten (1980) expressioas
giving explicit relations between saturation and relative fluid conductivity'.

Tide source of contaminants must be characterized as input to the model. A total
of 237 cubic meters of TRU-contaminated machine oil and unspecified oils in
absorbents were estimated to have been disposed alt the RWMC. The total area of the
disposal pits is approximately 30,000 square meters. Assuming oils were disposed as
free liquiids, an average oil depth ui, the 'pits of 0.75 cm cm be calculated from these
data. For disposal, the oils we're solidified by addition of calcium silicate; however, no
credit Is given In the modeling for this solidification.

Since the distribution of the oil is unlikely to be uniform, greater amounts are
expected to be present in some areas. The simulations performed as part of this study
assumed the availability of up to 15 an of oil in the pits.

Morrnationi concerning the viscosity of machine oil was; obtained from the
manufacturer as described above,, In tie interest: of conservatism, the behavior of 32
weight machine oil is simulated in the analysis. The ratio of oil/water viscosity is then
approximately 150. Heavier oils will migrate more slowly than the oils modeled in this
example,, B.w (Eq. 8) was assumed equal to 2,25.,

TABLE i HYDROLOGIC PROPERTIES USED IN SIMULATIONS
LAYER SATURATED VAN VAN RESIDUAL POROSITY

HYDRAULIC GENUCHTEN GENUCHTEN SATURATION
CONDUCTIVITY oi(Eq.4]i in (Eq. 4) (Eq. 4)

Sedimentary 25 an/hr
interbeds

0.0106 138 0.06 0.476

Basalts 5 cm/hr 0,1.61 2.11 0.062 0.28

O.fflO ••
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Figure 4. Relationship between relative permeability nod liquid pressure.

Additional model inputs include the hydrplogic properties of the sediments and
basalts that control the amount of water and oil that will infiltrate the SDA
unsaturated zone:,, The material properties assumed loir the sedimentary materials, and
basal is from the SDA unsaturated rone are given in Table 2 and Figure's 3-4, The
properties J fur basalt are modeled as a combination of fractured and porous media.
Fracture properties are derived from fracture properties for tuff (Wang and
Narasimhan, 198.3), and porous prop cities for basalt matrix: were determined by
TerraTek on basalt sample RWMC-1 collected from beneath the SDA. Fracture
porosity was assumed to be 5% and matrix porosity was 23%. The final curve
represents a summation of matrix and fracture properties, A linear interpolation was
used to estimate matrix properties for low suction!!. Note that the residual saturation
for each lithology was calculated from Equation 4.

The model domain was broken into 158 finite elements with 318 node:!; making a
one-dimensional simulation. The medium was modelled as two discrete layers,, The
sediments were assumed to cover the basalt 'to a depth of 5 meters. The grid spacing
was npnuniform with a greater concentration of elements near the sediment/basalt'
interface where numerical! problems are greatest

RESULTS OF SIMULATIONS
The simulation of oil migration was performed for a period of 10,20, and 30

years., Met percolation of Mater through due pits was assumed to be 5 cm/yr, with 15
an of total oil available for transport. The results of the simulation:! are 'shown in
Figures 5 -7.

In Figure 5, oil pressure head is plotted as in function of depth into the subsurface
for times, of 10,20, and 30 years. Starting from initial conditions as a 15 an layer
within the pit,, the oiill moves downward as a front under a positive pressure head,, The
Ifiron I: advance appears, to slow once the oil has entered the basalt, kit the simulation
suggests that the machine oil could penetrate 1-2 meter's into 'due basalt in in 30 year
time frame. - .: ' '*'.::-V* • Trf:'" '•• - • • - - "" -
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Figure 5. Simulalcd oil pressure haid JL<; ii function of lime, ii.nd dulanoK. The oil is predicted to move
through line basalt* a«> si front under positive pressure.

Figure 6 depicts the degree of oil salturation as a function of depth for limes of 10,
20, and 30 years. Again, line oil phase moves downward as a front near total saturation.
A residual saturation of up to 10% oil is left behind in the unsaturated sediments after
10 years, but is reduced below 6% after 30 years,. This result Is. comparable to residual
saturation values obtained experimentally lor other organic liquids migrating in the
unsatu rated zone (Wilson er a!..,, 1988) The residua] oil saturation in the basalt ranges
from 20% ;iil: 10 years to approximately 10% after 30 years and is expected to further
decrease over time. The oil! front at near-saturated conditions penetrated oveir 1 meter
into the basalt over 30years.

Figure: 7 shown the simulated degree of total saturation (machine oil plus, water)
as a fundioni of depth for tiiiines of 10,20, iiuiid 50jears. Tine oil front moves downward
as a front, as was jilhown in Figure 6. An initeresting effect is the develojpmenlE of
capillary ixtirchiinj;; of water at the Interface between the sediment and tlie basalt.
Residual salty rations of water plus oil in the unsaturated sediments were iiippimimately
70 % at: the biase of the pits miter 10,, 20,, and 30 years, and increased to appiroxiiiTiately
95% at the interface between tJbe surface Mil tnd the basalt. Total residual satuiration
left behind the oil fronts in the basalt varied from appro.)uinaitely 20-35%.

DISCUSSION
The results of the iriunieirilaiil simulations suggest thai the potential for IIL

significant anninunit ofpetrolleum hydirocarb-on migfation eidsts at the SDA. The
amount of machine oil I ha I actually iiniijp'iiites in ithe system is currently unknown innd
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Figure 6. Simulated oil saturation u 11 function of time and distance. Time oiil moves through the bviiJu. ii:s
«i front near utunilion. Lower amount:!; of oil,, which drain awn slowly, ire left behind tine advancing oiil
front.

simulations conducted to date do not accoucl; in any way Ifor iJnci chemical degradation
olE' the oils. However, the smiulatipns perfoiined as part of tim study indicate that oil
could have moved from the pits wi,ihin a 10 year time frame.,

The machine oil is predicted to migrate as a lEiront that will have moved
approxmiiately four outers from the base of 'the pits ii:i 30 years ;EiJ:ter disposal, If the
ViDCs; are iiisiiociated with Ae oil hy oosolvency,, ci.be mkriiition disitance is utilJl too low
to accoiunl: fa r the observed extent of inigratioh ol tine VOCs through the viu:los«t nine
to tlie aquiltr., Likewise iiE the machine oil has moved as predicted,' it is not responsible
for the presence of triitmuranLic radlionudides in the :i!4m mterbedL

lit is considered unlikely that movement of the neu;oleurn hydrocafbons has had
any signilEIcant impact on the extent of 'migration ofuie VOCs or the radionudiides.
Tlie prese nee of trie oil alTecis the VOCs by increasing their residence lime* by
cosolvcncy, in the source airea. However, uie predidted migration olE raadnne o£ll lE'rom
the pits changes the iresiidence time ol! VOGii in tine wwct veiit onb slightly lEirocn
original predictions;. The miration of VOCi is still best explained by diiififusion in the
vapior phase,, Tlhe earlier modeling jitudieii indicate that the V'OCil reached the aquifer
within' 10 years of release from containment in the pits (Baca et a!.,, 1988; Walton et a/.,,
1989b). '

•) 611;
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Figure: 7. Simulated tola] »;iturai:ioii (oil + water) u 11 function of time ;ILIK! distiunai. Note: the capillary
perching of water in the sediments just above tht, b«uli

Entrained radionudide:; will migrate wiltb Itbe machine oil. Tbe issue of most
concern regarding the interaction of radionuclides with the petroleum hydrocarbons is
the possibility of radiofytical degradation of 'oil contributing Ito complexation of
radionudide:!; in a form soluble m Itbe aqueous phase (Rawson uid walton, 1989).
Studies are ongoing to assure that solubilizatioh of plutonium by organic degradation
products of the machine oil is not occurring.

Because any oil that has migrated into itlie basalts will likely contain entrained
rsidionucl idle:!, the potential odsts for introducin^ in. iijg;iui!icant iresidual radionucLide
jiource teno to the vadose zone,, While the predicted miijiprajtiion distance of
radionucliides associated with the oil is insijiinillcanit in relation to distance to the
gjoundwater labile, such a source term poulid prove difficult to remediate due to the
difficulty of applying ament tedmollogieSi to oasalt

An ongoiini;; fidcl iiwestigation is beinjE; oondocted at the !iite,, and it is plaiuied to
obtiiiin samples; ilronn the soil tiuffer that exists beneath the base of tbe piia. Any
samples talccn beneath die waste pits will be analysed for the presence .'of petroleum
hydrocarbons Ito determine ifthe simulated mkration of oil is actually occurring.
JF'urtlheir jitudy of the effect of microbial acid iraoiolytic iiilegrajdttioin of oil is; underway to
evaluate remedial actions should itlie predicted icruigiration of peiioleam hydroc!i.rbons;
be confirmed.,
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U MI TED STATES EM VI RONIVI ENTAL PROTECTION AGENCY
ROBERT S. KERR ENVIRONMENTAL RESEARCH LABORATORY

P. O. ISIOX 1191)
ADA, OKLAHOMA 7«W

January 9, 1991

SUBJECT: Review of SOW for Operation of Soil Venting
at Hagen Farm

FROM:: Dom DiGiulio,
Appli cat i ons and Ass i stance Branch

TO: Jae Lee, RPM
U.S. EPA •- Region V
Chicago, IL

/' t i*-

THRU: Jerry Thornhill, Deputy Chief..*
App1i c a ti o n s and Ass i stanc e Branc h

As requested, I have reviewed the proposed Scope of Work for
Remedial Design at the Hagen Farm Site and comments by the
potentially responsible parties (PRPs)„ My comments are as
follows;:

1.. 0 C1 e a n u p S t a n d a r d

I agree with the PRPs that a cleanup standard, based on mass
removal is for all practical purposes infeasible,, The PRPs
•expressed concern on the difficulty of sampling and analyzing
landfill waste material. Another concern is the ability in
general to accurately determine contaminant mass at a hazardous
waste site. Subsurface conditions, especially contaminant
concentration,, is often so spatially variable that a very large
number of samples would be required to determine contaminant mass
with any degree of certainty.

The PRPisi propose as an alternative to base remediation on a
90% reduction of initial offgas total volatile organic compound
(VOC) concentration. I suggest that remediation be based on
static (i.e., soil venting system not operating) vapor
concen t r a t i on s o f i ndi v idua_l c o n s t i t u e n t s,. S t a t i c va p or
measurements are noreTndTcative of the presence and location of
contaminant mass in sol .Is. Offgas measurements represent
averaged gaseous concentration levels from extraction wells
drawing air from large volumes of soil. Offgas levels represent
integrated volumes rather than discrete areas of soil or waste
contamination. Also, offgas measurements do not adequately
account, for air phase VOC re-equilibration observed under static
conditions,. Vapor phase re-equilibration is thought to be
primarily caused by diffusion of VOCs from less permeable to more
permeable areas, In regard to monitoring total VOC concentration



as an indication of remediation, I suggest monitoring individual
constituents. Risk, is based on the carcinogenicity or toxicity
of individual compounds, thus performance should also be based on
individual constituents. I recommend that remediation be based
on static levels of individual, constituents at concentration-is
indicative of acceptable soil-water levels. Published values for
Henry's Constants and soil-water partition coefficients based on
organic carbon content can be used to evaluate soil-gas levels
i n d i c a t i v e o f a c c e p t a b 1 e s o i 1 -• w a t e r c o n c e n t r a t i o n s . A c c e p t a b 1 e
s o i. 1 - w a t e r c o n c e n t r a t i o n s c a n b e d e t e rin i n e d u s i n g a p p r o p r i a t e
vadose zone modeling or if soils are excessively heterogeneous
(waste) by using a simple water balance method.

2.0 Pilot Scale Test

Objective identified in the SOW for the pilot scale test
i. n c 1 ud e d e t e rm i n i. n g e f f i c i e n t d e s i g n p a r am e t e r s f o r f u 11 -• s c a 1 e
venting implementation and evaluation of soils cleanup standard,,
I agree that pilot testing should determine the initial number of
extraction/injection wells, well spacing, and pumping rates. A
pneumatic pump test could be conducted to determine air
permeability under steady state conditions,. The PRPs state that
a short term field test will not predict the long-term
effectiveness of a vacuum extraction system., I agree with this
conclusion but add that, if properly designed, a long terra (3 to
6 months) pilot test, could determine the feasibility of meeting
proposed cleanup standards. In conducting a field test to
evaluate long term effectiveness, a small area of the site could
be isolated through the use of passive inlet wells and air
exchange maximized (i.e. high soil-gas velocity), within a
relatively short period of time (weeks to months) the system
would be driven to diffusion limited transport which in effect
det ermines reined i at i on t iine.

3.0 Venting Enhancement

The SOW states that during the first 6 months of full-scale
operation, the PRPs shall examine the feasibility of enhancing
microbial degradation,. The PRPs status that the effectiveness of
bioenhancement can be determined by having the system operational
long enough to evaluate the system's capability. I suggest
evaluating the feasibility of bio venting' during pilot testing.
Pilot testing on bioventing have been completed at a number of
sites by Battelle,, Procedures used by Battelle can easily be
adapted for the Hagen Farm site.
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